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Satellite Geological and Geophysical 
Remote Sensing of Iceland (SR 9 651) 

Summary of Research Results 


Analysis of Landsat imagery of Iceland acquired during 
different seasons and intervals of time produced a number 
of research findings in several disciplines of geology and 
related sciences which undoubtedly have applications to 
other regions of the planet. A brief summary of the most 
important findings is as follows: 

Geothermal -- ERTS imagery has sufficient resolution to map, 
from MSS color composites, areas of altered ground caused 
by high-tcmperature geothermal activity at the Namafjall, 
Torfajokull, and Reykjanes geothermal areas. A small area 
of intense thermal emission on the east side of the Namafjall 
geothermal area could also be mapped because of the snowmelt 
pattern . 

Volcanology - The major axes of the fallout pattern of tephra 
from the Ilay- July 1970 volcanic eruption from Hekla Volcano 
can be mapped where sufficient depth of deposition was 
present to seriously affect the normal vegetation. Lava 
flows from the 1961 volcanic eruption at Askja; some of the 
lava flows from the 1947-48 eruption, and all of the lava 
flows from the 1970 eruption at Hekla; and the areas covered 
by tephra and lava from the 197 3 eruption on Ileimaey could be 
delineated. 

Structural Geology and Geomorphology - Low sun angle imagery 
(<10°) of snow -covered terrain has been particularly valuable 
in mapping structural and volcanic features concealed beneath 
glacial ice in the active volcanic zones of Iceland. Such 
imagery has also shown the very marked differences in volcanic 
geomor-phology from a regional standpoint within the active 
zones . 

Marine Geology - Enlargements from standard (3d generation) 
negatives enabled planimetric revisions to be made to the 
1:100, 000- scale maps of the islands of Surtsey and Heimaoy ; 
a change in the former is the result of erosion, and a change 
in the latter is the result of new land created by the 1973 
volcanic eruption. 

Hydrometeorolog y - Changes in extent of snow cover with time 
can be monitored on successive images. 
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Glaciology - The change in size of sediment plumes from the 
many glacial rivers which discharge into the sea along the 
south coast can be monitored and give a qualitative indication 
of seasonal changes in melting rates of glaciers. Changes 
in area of lakes, particularly glacier-margin lakes because 
of their powder-blue color, can be mapped most easily on MSS 
false-color composites. The increase in surface area of an 
ice-dammed lake was monitored until the occurrence of a 
jokulhlaup, after which the surface area of the lake was 
reduced considerably. ERTS imagery is especially amenable 
to showing the entire areal extent of Iceland's glaciers and 
icecaps at a point in time. Recently deglaciated terrain can 
be distinguished on MSS false-color composites because of the 
absence of vegetation when compared with older deglaciated 
terrain. ERTS imagery, acquired about 1 year apart, shows 
that the Eyjabakkaj Skull glacier, an outlet glacier on the 
northeast part of Vatnaj okull, has surged nearly 2 km. Some 
of the effects of subglacial geothermal and volcanic 
activity under Vatnaj Skull can be seen in the form of collapse 
features on the surface of the icecap, after the occurrence 
of two jokulhlaups. 

V egetation - MSS false-color composites permit the mapping 
of at least five distinct vegetation types (forested areas, 
cultivated areas, grasslands, reclaimed areas, and lichen- 
covered bedrock) and barren areas (absence of color). 

Cartography - New planimetric Landsat image maps are under 
preparation at 1 : 250 ,000-scale which will accurately show 
some of the areas of Iceland covered by glacial ice.* The 
high latitude of Iceland permits considerable stereoscopic 
coverage on side-lapping ERTS imagery. Features with relief 
as little as 100 m can be discerned stereoscopically . This 
method of studying land forms , vegetation distribution, 
occurrence of snow cover, glaciers, and geologic structure 
stereoscopically generally permits a more precise analysis to 
be made of these phenomena. 


“Two (fall and winter) 1 : 5 00 , 000-scale Landsat image maps of 
Vatnaj okull, Iceland, were subsequently published by the U.S. 
Geological Survey in 1976 .and 1977, respectively. 
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SUMMARY OF STUDIES IN ICELAND WITH ERTS-1 IMAGERY 


Discipline Experiments 
GEOLOGY Geothermal 

GEOLOGY Volcanic Eruption 

• GEOLOGY Geologic Structure 

. i 

GEOLOGY Volcanic Geomorphology 
GEOLOGY Marine Geology 


Research Objectives 

Delineation of geothermal areas 
by extent of snow-melt pattern 


Delineation of areas of new 
basalt flows and tep’nra falls 


Mapping, on a regional basis, of 
faults, fissures, lineaments, 
and other structural features in 
the neovolcanic zone 

Mapping of the regional aspect 
of volcanic landforms 


Mapping of any changes in the 
coastline of Iceland and any 
submarine features visible 


HYDROLOGY 


%% 

O, 


Ephemeral 

Ice 


Snow and 


Mapping of changes in snow cover 
over time; mapping of surface 
water distribution, and mapping 
of ice freeze-ups and thaws on 
major lakes 


Research Results 

Delineation of part of geothermal area by 
snowmelt pattern. Delineation of geo- 
thermally altered ground in 3 geothermal 
areas (Namafjall, Torfajokull, and 
Reykj anes) . 

Delineation of new basalt flows in 3 areas 
and tephra fallout pattern in 1 area. 

Image of effusive volcanic eruption. 

Mapping of many new structural geologic 
and volcanic features, particularly within 
icecaps, and on snow-covered terrain at 
low sun angle (<10°) . 

Regional distribution of different volcan- 
ic landforms mappable, particularly 
unique landforms . 

Planimetric revisions of maps (to 
1:100,000 scale) of Surtsey (erosion) and 
Heimaey (volcanic eruption) feasible. 
Mapping of seasonal change of sediment 
plumes from glacial rivers. 

Mapping of surface water distribution can 
be achieved. Some mapping (lack of 
seasonal imagery) of changes in snow 
cover and thaw of lake ice. 




HYDROLOGY Glaciological 


Features 


HYDROLOGY River Flooding 


OCEANOGRAPHY Sea Ice 

CD 


TABLE 3 - CONTINUED 

Research Objectives Research Results 

Delineation of 90% of the area covered, 
by icecaps; mapping of changes' in 
glacier-margin lakes; mapping of some 
nunataks and some depositional glacial 
features. Mapping of surging glacier 
(1.8km movement) and flow of another 
glacier (600m/ll mos.). 

Mapping of spring runoff, floods Mapping of changes in distributaries from 

along river valleys, and changes glaciers. Mapping of changes in lake and 

in distributaries from glaciers outwash plain caused by a jokulhlaup. 

Mapping of changes in ice flow No usable imagery, 
concentrations with time off 
northern and eastern coasts 


Delineation of areas covered by 
glaciers; mapping of changes in 
ice-margin lakes; mapping of 
nunataks; and mapping of deposi- 
tional glacial features 


AGRICULTURE/ Grasslands 
FORESTRY and Forest 


CARTOGRAPHY 



Delineation of grasslands and Mapping of 5 classes of vegetation; grass- 

particularly change in vigor lands, cultivated areas, reclaimed land, 

with time forested areas, lichen- covered lava flows, 

and barren areas on false-color composites. 

Compilation of an orthoimage mosaic of 
Iceland at 1:1,000,000 (false-color 
composite) and planned 1:250, 000-scale 
orthoimage maps of Vatnajokull, Iceland. 

Study of landforms with stereoscopic 
images. Measurement of 100m elevation 
difference. Planimetric revisions on 
existing maps. Publication of two 1:500, 000- 
scale Lands at image maps of Vatnajokull, 
Iceland (Fall and Winter scenes). [Editor’s 
note: Both Vatnajokull maps were published 

in 1977] 
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ENVIRONMENTAL STUDIES OF ICELAND 
WITH ER'T’S-l IMAGERY* 


Richard S. Williams, Jr., U. S. Geological Survey, 

EROS Program Office, Reston, Virginia 22090 

Agust BSSvarsson, Icelandic Surveying Department; 

Sturla Fridriksson, Agricultural Research Institute; 

Gu&mundur Palmason, National Energy Authority; 

Sigurjon Rist, National Energy Authority; 

Hlynur Sigtryggsson , Icelandic Meteorological Service; 

Kristjan Samundsson, National Energy Authority; 

SigurSur Thorarinsson , University of Iceland; 

Ingvi Thorsteinsson , Agricultural Research Institute; 

Reykjavik, Iceland 

ABSTRACT 

ERTS imagery has sufficient resolution to map, from MSS color 
composites , areas of altered ground caused by high-temperature geothermal 
activity at the Namafjall, TorfajSkull, and Reykjanes geothermal areas. 
A^small area of intense thermal emission on the east side of the 
Namafjall geothermal area could also be mapped because of the snowmelt 
pattern. The major axes of the fallout pattern of tephra from the May- 
July 1970 volcanic eruption from Hekla Volcano can be mapped where 
sufficient depth of deposition was sufficient to seriously affect the 
normal vegetation. Lava flows from the 1961 volcanic eruption at Askja; 
some „of the lava flows from the 1947-48 eruption, and all of the lava 
flows from the 1970 eruption at Hekla; and the areas covered by tephra 
and lava from the 1973 eruption on Heimaey could be delineated. Low sun 
angle imagery (<10° ) of snow-covered terrain has been particularly 
valuable in mapping structural and volcanic features concealed beneath 
glacial ice in the active volcanic zones of Iceland. Such imagery has 
also shown the very marked differences in volcanic geomorphology from a 
regional standpoint within the active zones. Enlargements from standard 
(3d generation) negatives enabled planimetric revisions to be made to 
the 1 : 10 0 , 000-scale maps of the islands of Surtsey and Heimaey; a change 
in the former is the result of erosion, and a change in the latter is the 
result of new land created by the 1973 volcanic eruption. Changes in 
extent of snow cover with time can be monitored on successive images. 

The change in size of sediment plumes from the many glacial rivers which 
discharge into the sea along the south coast can be monitored and give a 
qualitative indication of seasonal changes in melting rates of glaciers. 
Changes in area of lakes, particularly glacier-margin lakes because of 
their powder-blue color, can be mapped most easily on MSS false-color 
composites. The increase in surface area of an ice-dammed lake was 
monitored until the occurrence of a jSkulhlaup, after which the surface 
area of the lake was reduced considerably. ERTS imagery is especially 
amenable to showing the entire areal extent of Iceland ‘s glaciers and 
icecaps at a point in time. New planimetric maps are under preparation 
at 1:500,000- and 1 : 250 , 000-scales which Will accurately show the area 
of Iceland covered by glacial ice. Recently deglaciated terrain can be 
distinguished on MSS false-color composites because of the absence of 
vegetation when compared with older deglaciated terrain. ERTS imagery, 
acquired about 1 year apart, shows that the Eyj abakkaj Skull glacier, an 
outlet glacier on the northeast part of Vatnaj Skull, has surged nearly^ 

2 km. Some of the effects of subglacial geothermal and volcanic activity 
under Vatnaj okull can be seen in the form of collapse features in the 
surface of the icecap, after the occurrence of two jokulhlaups. MSS 
false-color composites permit the mapping of at least five distinct 


*Publication authorized by the Director, U. S. Geological Survey. 
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vegetation types (forested areas, cultivated areas, grasslands, reclaimed 
areas, and lichen-covered bedrock ) and barren areas (absence of color). 
The high latitude of Iceland permits considerable stereoscopic coverage 
on side-lapping ERTS imagery. Features with relief as little as 100 m 
can be discerned stereoscoplcally . This method of studying landforms, 
vegetation distribution, occurrence of snow cover, glaciers, and geologic 
structure stereoscopically generally permits a more precise analysis to 
be made of these phenomena. 


INTRODUCTION' 

During the Eighth International Symposium on Remote Sensing of Environment, 
not long after the delayed launch of ERTS-1 spacecraft, a binational, multi- 
disciplinary, ERTS-1 experiment in Iceland was described (Williams, 1972). The 
objective of the experiment was to study the varied dynamic environmental phenomena 
of Iceland, with particular relevance to the disciplines of geology, hydrology, 
oceanography, and agriculture. Ten experiments were outlined: five in geology, 
three in hydr>ology, and one each in oceanography and agriculture. Since then 
another one has been added, in cartography. It is directed at the study of some of 
the photogrammetric aspects of ERTS, such as stereoscopy with side-lapping images, 
but more importantly to bridging the gap between results from the 10 primary 
experiments by integration of new data into updated maps and the preparation of new 
types of maps of Iceland. 

There are three special characteristics of ERTS MSS imagery, not currently 
available from any other satellite, military or civilian, that make such imagery 
unique to the mapping of environmental phenomena. One, it can be related to the 
figure of the earth (Colvocoresses , 1973a, 1973c, and 1974); two, it has close to 
radiometric fidelity of spectral reflectance of the earth within a single image 
recorded on videotape rather than film; and three, it provides systematic, routine, 
repetitive coverage of an area. In particular, it is this last characteristic which 
is being heavily exploited in the Iceland experiment and which offers such promise 
in the mapping of dynamic phenomena in Iceland, Of course, the study and 
delineation of dynamic phenomena, to be useful to resource managers and other 
decision makers, must be depicted on graphs or maps. This requires the preparation 
of timely maps of dynamic phenomena - still only a promise, not yet a reality from 
the total ERTS system, although this potential is embodied in current ERTS 
technology (Colvocoresses, 1972; Colvocoresses and McEwen, 1973). 

As was noted by the authors (Williams and others, 1973b), imagery from ERTS-1 
is providing scientists with the first feasible means to measure and map certain 
types of environmental phenomena on a regional and global basis. ERTS-1 MSS imagery 
provides a completely new source of data on dynamic environmental phenomena which 
was previously unavailable, except of limited areas, to cartographers and resource 
managers. From an ecological viewpoint, the availability of ERTS imagery could not 
have come at a more propitious time in human history, coming as it has at the time 
of increased environmental awareness by scientists and laymen alike. It gives 
environmental scientists not only a global view of the dynamic environment of our 
planet but also of man's impact upon it. 

Although the full ramifications of open access to ERTS imagery by scientists 
and resource managers will take many years, if not decades, to be completely 
established, several organizations and countries have quickly recognized the 
significance of such environmental data to their own problems. One of these 
countries is Iceland, an island republic with a relatively small, but rapidly 
growing population of 213,070 (1 Dec 1973) in an area of 103,000 km 2 (population 
density of about 2 persons per km 2 ). Iceland, because of its cool climate, low 
population density, and paucity of natural resources has early recognized the 

Note: The Icelandic alphabet has 33 letters, including 3 letters no longer used in 

English: 6, b , and &. In English printing these letters are usually transliterated 
to d, th, and e, respectively, to avoid confusion. In this paper, however, all 
Icelandic place names and journal names are retained with their Icelandic spelling. 
Icelandic spelling is also retained in all personal names and patronymic surnames, 
except where the surname begins with b. In the latter case b has been 
transliterated to Th. 


potential value of ERTS imagery and the data collection system to provide, at lex-: 
cost and in near real time, certain types of dynamic environmental data. Because 
the Icelanders depend on the s. .rounding seas for fish and crustaceans and on the 
limited area of arable land for agricultural products, their economic well-being 
is heavily dictated by their natural environment. Understanding and recognizing 
changes in, and redirecting human and capital rescurces in response to, the often 
capricious nature of the natural environment of Iceland has decidedly important 
economic and social implications. 

The study of Iceland with ERTS imagery is still far from finished, and many of 
the findings in this paper are, for that reason, qualitative rather than quantita- 
tive. With several months of research activity now completed, however, the Ninth 
International Symposium on Remote Sensing of Environment provides an excellent 
forum to present our initial results. Some of the findings are of scientific 
value, but others have important consequences of practical use to Iceland in the 
wisest possible management of its limited natural resources. Let us first examine 
the results of the geological experiments. 

GEOLOGICAL STUDIES 


Geothermal Experiment 

Iceland has a number of high-temperature geothermal areas of which 17 have 
been recognized to date (Figure 1). These high-temperature geothermal areas range 
in size from 1.0 km? (Reykjanes) and Namafjall (-6 km?) to the large Torfajokull 
area (-100 km?) and have natural heat outputs which range from 4 x 10^ cal/s 
(Reykjanes) (Bjornsson, and others, 1972) to over 500 x 10 6 cal/s (Torfajokull) 
(BoSvarsson, 1960). The basic objective of the geothermal experiment was to 
determine the minimum size and heat discharge from a geothermal area x\'hich could be 
delineated on MSS imagery due to snox^melt. Snowmelt in geothermal areas had been 
observed by the authors, other scientists, end White and Miller (19(8) who had 
endeavored to use the phenomenon as a basis for heat flow measurements in Yellow- 
stone National Park in what they termed "snow-fall calorimetry." It should also be 
noted that three of the 17 high-temperature geothermal areas are partly or mainly 
subglacial, leading to the possibility that such activity might be detectable becaus 
of snow and ice melting over such geothermal areas. 

The results of this experiment are as follows: Only part of the Namafjall 

geothermal area could definitely be delineated on the basis of a snowmelt pattern 
on a xtfinter-time image of the area (Myvatn, C6, 9 Mar. 73, 1229-12142-7 )2J (Figure 
2). It would appear, therefore, that under optimum snoxc-cover conditions the 
ground resolution capability of the ERTS-1 MSS sensor can distinguish by an 
anomalous snox^melt pattern at least part of a small geothei’mal area (~6 km?), -with 
a heat dissipation of 100-200 x 10 ^ cal/s, partly natural and partly from drill 
holes. Another interesting aspect of this particular ERTS-1 image, however, is the 
open water on the eastern shore of lake Myvatn caused by outflow of thermal water 
near Vogar (Rist, 1969, p. 121-127; Barth, 1950, p. 18). Also on Figure 2 can be 
seen other small open x^ater areas caused by a high volume of spring discharge, at 
the main river outlet of the lake, and a complex pattern of open water in lake 
Granavatn, just south of Myvatn. 

Figure 3, a summertime image of the adjacent area (Akureyri, C5, 19 Aug. 73, 
1392-12185-5) shox-js the areal extent of altered ground in the Namafjall geothermal 
area. The altered area appears as a light greenish hue on MSS false-color 
composites (bands 4, 5, 7). Geothermally altered ground can also be seen at the 
Torfajokull and Reykjanes geothermal areas. 


— The convention used in this paper in referring to specific ERTS-1, MSS images of 
Iceland is to give the geographic name of the image, alphanumeric matrix designator, 
date, image ID number, and MSS band. For the first tx^o refer to Figure 31 in this 
paper. Individual images may be purchased from the EROS Data Center, Sioux Falls, 
South Dakota 57198, or from Landmaxlingar Islands, Laugavegi 178, Reykjavik, 

Iceland. 










0 ? 


These two findings with respect to Icelandic geothermal areas support the use 
of ERTS imagery as a global reconnaissance tool in searching for geothermal activity 
in remote areas on the basis of either ar. anomalous snowmelt pattern, open water in 
an otherwise frozen and snow-covered terrain, or altered ground * The sensors on 
ERTS are the first satellite sensors available to the international scientific 
community to have sufficient resolution and enough spectral bands to detect 
phenomena resulting from geothermal activity. The capability to delineate geo- 
thermally altered ground is perhaps the most valuable from a reconnaissance 
exploration viewpoint, in that such high-temperature activity would destroy any 
vegetation present, thus producing a vegetation anomaly (if vegetation were 
normally present) and a marked color change (alteration of bedrock or soil). 

Iceland is primarily a land of basaltic bedrock, more or less covered by 
glacial deposits (including loess) derived from such bedrock. However, some 
andesitic and rhyolitic rockr are present, generally in association with Tertiary 
and Quaternary central volcanoes , and also in the case of Late Pleistocene and 
Holocene central volcanoes usually juxtaposed to the high-temperature geothermal 
areas (Figure 1). Rhyolitic rocks in the Torfajokull geothermal area are 
particularly well delineated on MSS false-color composites of the area (See 
Figures 8, 21, and 23). 

Finally, several collapse features in the Vatnajokull icecap, resulting from 
subglacial volcanic (?) and geothermal activity could be delineated on ERTS imagery. 
These features will be discussed mere fully under the Glaciological Features and 
River Flooding Experiments. 

Volcanic Eruptive Products Experiment 

Within the last 12 years Iceland has had four volcanic eruptions: Askja in 

1961, Surtsey in 1963-1967, Hekla in 1970, and Heimaey in 1973. The eruption of 
Askja in 1961 produced a lava flow which was approximately 9 . 5 km long and covered 
an area about 11 km 2 (Thorarinsson, 1963; Thorarinsson and Sigvaldason, 1962). 

Most of the eruptive products were lava flows. Figure 4 is a 1 : 100 , 00 0 -scale 
topographic map of the new lava flows at Askja. Aerial photographs (Figure S) and 
terrestrial photographs show a sharp contrast of new flows (dark) over the older 
pumiceous sheet (light). Figure 6 is a part of a mostly cloudy ERTS-1 image of 
this area (0da5ahraun, C7, 30 July 73, 1372-12074-5) but with fortuitous breaks in 
the clouds over the crater lake, Oskjuvatn, and most of the 1961 lava flows. 
Sufficient detail of this new flow is preserved to permit enlargement to scales of 
1:250,000 and even to 1:100,000, thereby permitting the ERTS imagery to be used to 
directly map the areal extent of such lava flows. 

Hekla erupted in May 1970 after one of the shortest inter-eruptive periods in 
its history during the last millenium (or since the beginning of the settlement of 
Iceland) (Thorarinsson, 1970). The initial stages of the eruption were primarily 
tephra-producing. The tephra deposits covered a large area downwind (to the NNW) 
and were reputed to have darkened part of the Greenland Icecap (Anonymous, 1970a) 
(Figure 7). According to Thorarinsson (1970, p. 46), the tephra fallout covered 
an area in Iceland of about 22,000 km 2 or 20 percent of the island. Within the 1 cm 
isopach contour the area was approximately 2,000 km 2 , The 1970 tephra was very 
rich in fluorine ultimately the cause of the death, by fluorosis poisoning, of 
7,500 sheep. If an ERTS-type satellite had been functioning during the tephra fall, 
it would have been possible to map the fallout pattern, thus circumscribing the 
fluorine-affected areas and permitting faster, more accurate warnings to the 
affected districts. 

On an ERTS-1 image of the area, taken 4 years after the eruption (Hekla, D5, 

19 Aug. 73, 1392-12191-5), only the areas of heavy deposition (4 cm or more), 
where the suffocated vegetation has not yet recovered , can still be delineated 
(Figure 8). Although more visible on the band 4 image, the three areas of new 
lava flows can also be delineated. Figure 9 is a geologic map of the Hekla area, 

Surtsey. is a small (2.5 km 2 ) volcanic island in the Vestmannaeyj ar archipelago. 
The volcano had an eruptive history which lasted from 1963-1968, with the last 
surficial lava flow occurring in early June 1967 (Thorarinsson, 1968). The island 
is composed of tephra on the northern part of the island and as intercalations and 
surficial deposits elsewhere on the island with basalt flows to the south. The 
most recent flows are very dark in. color, but tephra deposition, eolian 


redeposition, and other weathering prcaesses tend to lighten the surface coloration 
in a short time. For that reason it is impossible to delineate between tephra 
deposits and lava flows on Surtsey on ERTS-1 images (Figures 8 and 14). One 
unexpected finding did result, however. Where steam emanates through the tephra 
pile due to boiling off from sea water in contact with cooling magma at depth, such 
as on the northern rim of Surtur I [easternmost of the two initial craters and the 
site of the development of a crater row in August 1966 (Williams and others, 1968)], 
palagonitization of the tephra is taking place (Jakobsson, 1972a). The palagonit- 
ized area appears on ERTS images as an area of higher reflectivity in all bands, 
but is most pronounced in band 5 (6. 6-9. 7pm) and band 6 (0.7-0. 8ym) (Figures 8 and 
14) . 

The volcanic eruption on Heimaey, also in the Vestmannaeyjar archipelago, 
added about 2.5 km^ of new land to the eastern side of the island (Williams and 
Moore, 1973). This increase in land area can be delineated on ERTS-1 imagery 
(Figures 8 and 17). The initial stages of the eruption were dominated by heavy 
deposition of tephra which completely buried parts of the town of Vestmannaeyjar 
as well as vegetation in the northern half of the island and on some of the 
surrounding islets. On a false-color composite (bands 4, 5, 7) version of Figure 8, 
the areas of new lava, the areas covered by tephra, and the areas where the 
vegetation was destroyed or seriously affected can all be delineated. 

The island of Heimaey was fortuitously imaged by ERTS-1 prior to the eruption 
in November 1972 (horisvatn, D6 , 21 Nov. 72, 1121-12143), only once during the 
eruption (Vestmannaeyjar, E6 , 9 Mar. 73, 1229-12151) (because of cloud cover) and 
several times after the eruption had ceased (e.g., Hekla, D5 , 19 Aug. 73, 1392-12191) 
The first two images were published in Williams and others, 1973b, and are included 
in this paper as Figure 10. The latter image also appears as Figure 8 and Figure 
17. Cloud cover was a serious problem in imagery acquisition during the eruption. 
NASA made a valiant effort to obtain imagery of the eruption (23 January - 3 July 
1973) with nine different ERTS-1 images during the period between and including 
1 February - 27 March 1973, but only the 9 March 1973 image was relatively cloud 
free. All the other images were cloudy over the island with the exception of the 
3 February 1973 image ( hingvallavatn , D4, 3 Feb. 73 , 1195-12260 ), where there was 
insufficient illumination, and the island was at the extreme edge of the image - 
with the eruption plume outside the field of view to the east. 

It is obvious that although ERTS imagery has sufficient resolution to map new 
lava flows and tephra falls on a global basis, it does so on a change detection 
basis. That is, it provides a "time-lapse" look at an area, generally separated by 
at least 18 days or even perhaps by many cycles. The exception, of course, is that 
at higher latitudes such as Iceland (65°N.) the separation of orbits may permit 
images of dynamic phenomena, weather permitting, to be acquired 3 days in a row 
(separation of 48 h) before the next 18-day cycle begins. For some types of 
dynamic phenomena the repetition cycle for ERTS is too long, such as with volcanic 
activity. Fortunately, there is available another environmental satellite, the MOAA 
satellite series, with an order of magnitude less resolution [800 m for NOAA-2 's 
VHRR (Very High Resolution Radiometer) scanner versus 80 m for ERTS-l's MSS 
instrument]. This satellite can image every spot on the globe at least twice each 
day (daytime and nighttime) with both visible (0.6-O,7ym) and thermal sensors 
(10 , 5-12 . 5ym) . Unfortunately for areas outside North America, there is a severe 
tape recorder time limitation for data acquisition. NOAA-2 VHRR imagery, however, 
has the potential for providing coverage of large scale dynamic phenomena, such as 
volcanic eruption plumes, thermal emission from volcanic eruptions, sea and lake 
ice concentration and movement, and large floods, on a 12 h basis. Therefore, 

NOAA-2 imagery could provide 36 times more imagery of dynamic phenomena in the same 
time interval as ERTS imagery. As such, it offers an excellent complement to many 
ERTS studies. 

As an example of this, Figure 11 is a NOAA-2 thermograph (Iceland, 25 Jan 73, 
1040 UT, VHRR/IR [ 10 . 5-12 . 5ym] ) of the volcanic eruption on Heimaey which was 
acquired only 33 hours after the eruption began. On the thermograph the lava flows 
appear as a Series of eight black (hot) pixels at the base or western end of a 
white (cold) eruption cloud which extends 60 km to the east. At its widest extent 
the eruption cloud is 12 km as viewed from above. North of the eruption plume is 
the south coast of Iceland. On the companion VHRR/ VIS ( 0.6-0. 7ym) image the 
eruption cloud is shown but faintly. At this time of day, at this time of year, 
and at this northern latitude (63°26'N.) the Earth's surface is still in darkness, 


I* 



but the eruption cloud and clouds swirling around a cyclone in the southeast are 
high enough to catch the grazing rays of the sun. 

The first usable ERTS-1 imagery of the volcanic eruption was not acquired 
until 9 March 1973 or 45 days after the eruption began (Figure 10). Therefore, 

ERTS can provide imagery of an area before an event starts, possibly during an 
event, and after an event has ceased. For certain types of environmental phenomena 
the NOAA-2 satellite helps bridge the information gap at this stage in the 
development of earth resources satellite technology. 

It is evident from the results of this experiment in Iceland, therefore, that 
ERTS imagery offers the geologist the opportunity to map tephra falls throughout 
the world and also the areal extent of new lava flows, of particular importance in 
remote areas. Tephra falls, which can be surprisingly large in extent, often have 
a devastating impact on agricultural lands. Accurate and timely mapping of areas 
of tephra deposition would be important in disaster relief efforts and in recovery 
plans . 

Geologic Structure Experiment 

Figure 1 shows many of the large-scale structural features which dominate the 
landforms in the active zone of rifting and volcanism of Iceland. The active 
volcanic zones of Iceland have probably seen about 200 volcanic eruptions during 
the last millenium (Thorarinsson, 1960), including about 30 different volcanoes 
(Thorarinsson , 1966). Within these active zones are various types of volcanoes, 
non-eruptive fissures (Icel., gjar), fault zones (particularly grabens), and 
various rift systems. As the largest supramarine segment of the Mid-Atlantic 
Ridge, the active zones of Iceland hold great interest to geologists and geophysi- 
cists (Bjornsson, 1967). Of particular interest to the understanding of the 
structure and geotectonics of Iceland are the changes in direction of the active 
zones as they cross Iceland. For instance, from the Reyk janes peninsula to the 
western margin of Vatnajokull the trend of the zones is NE-SW; north of Vatnajokull 
the trend is more N-S. How Iceland fits into modern concepts of sea-floor spreading 
and transform fault hypotheses (Ward, 1971; Samundsson, 1974) and its relationship 
to the Mid-Atlantic Ridge (Palmason and Smmundsson, 1974) are also important 
geological questions. 

It was expected that ERTS imagery would permit the neovolcanic zone of Iceland 
to be studied from a small-scale, regional vantage point, and that the low sun angle 
of the imagery could markedly enhance the structural "grain" of the island. It was 
anticipated that such imagery would allow the mapping - on a regional basis - of 
faults, fissure swarms, lineaments and other structural features within the active 
zones as well as structural features outside the zone. Most of the expectations 
turned out to be true but with some unexpected results. Low sun angle by itself 
certainly helped to accentuate relief and structural features, but only to a point, 
because too low a sun angle provides insufficient illumination of the terrain, thus 
causing detail to be lost. The low level of illumination could, however, be offset 
by the increased reflectivity of snow-covered terrain. In Iceland, the combination 
of low sun angle and snow-covered terrain provided some unusual imagery of the 
structure and morphology within the active zones and particularly within the margins 
of the five large icecaps which sit astride these zones: Vatnajokull, Hofsjdkull, 
Lang j Skull, Myrdals jokull , and Eyjaf jallajokull (Figures 1 and 20). 

Figure 12 is a remarkable ERTS image of the Vatnajokull icecap and surroundings 
which was acquired at a sun angle of only 7° (Vatnajokull, D7 , 31 Jan. 73, 1192- 
12084-5). Most of the area is snow covered, except for the coastal plain nearest 
the ocean and the ablating snout of SkeiSarar jokull , thus providing sufficient 
reflectivity to permit the image to be recorded at such low illumination. The 
grazing angle of illumination produced elongated shadows Of even the most subtle 
features. Of particular importance to knowledge of the structural geology of that 
part of the active zone covered by Vatnajokull is the fine detail shown in the 
surface of the icecap. Many of these features which are partly or wholly buried 
under Vatnajokull Were previously unknown or only suspected (Thorarinsson and 
others, 1973 ; Williams and others, 1973c). The morphology of Bardarbunga (3) an 
area east of Hamarinn (4), and Esjufjoll (5) suggest buried central volcanoes. Two 
elliptical features, one at Kverkfjoll (1) and another at Esjufjoll are recognized 
as probable subglacial calderas . 


Two prominent volcano-tectonic lineaments can be traced across the image. The 
first strikes N.45°E. for at least 80 km along a line of nunataks ar.d subglacial 
volcanoes, calderas, and geothermal areas between the two subglacial calderas at 
Kverkfjoil (1 and 2), through the eastern side of Grimsvdtn (6), to the southwestern 
edge of Vatnajokull. Except for historical volcanic activity at the Ora-fajokull 
central volcano, $0 km southeast of this lineament (just north of the North arrow), 
this volcano-tectonic line sharply divides areas of active volcanism (to the 
northwest) from areas of older volcanism (to the southeast). The second lineament 
strikes N.35°W. along Vatnajokull 's southern margin, cutting across the first 
volcano-tectonic lineament, and separating two markedly different tectonic regimes: 
fissure eruptions to the southwest, central volcano complexes to the northeast. 

Several other low sun angle, snow-covered terrain images of Iceland also show 
new features beneath other icecaps. A large domal feature, very similar to the 
Bardarbunga area in Vatnajokull, can be delineated on the northwestern part of 
HofsjSkull. Linear features and a possible caldera within Langjoku)l also appear 
on low sun angle imagery of this icecap. Low sun angle imagery of Hyrdals jokuil 
shows subtle depressions within a poorly delineated calderalike feature on the 
southeast part of the icecap. 

Preliminary results from computer enhancement of the Vatnajokull image (Figure 
12) by scientists at the Jet Propulsion Laboratory (F. C. Billingsley, A. F. Goetz, 
and A. George L .er, personal communication) has shown the potential of such 
enhancement to studies of low relief features and geologic structure in snow- 
covered areas. Not only is the full range of reflectance variation retained on the 
computer compatible tapes and better resolution achieved (first generation rather 
than the usual third), but manipulation of image contrast and gray-scale variation 
through specially written contrast-stretching and ratioing computer programs 
enables much improved, custom imagery to be made available to the scientist 
(Billingsley and Goetz, 1973). In polar regions, and e 5 *en in non-polar , snow- 
covered regions, such computer-assisted analysis is important to deriving maximum 
information from the ERTS images . 

Outside the active zone of rifting and faulting, in the areas of Tertiary and 
Quaternary flood basalts, ERTS imagery has recorded several probable central 
volcano complexes because of their distinctive circularity and size (Williams and 
others, 1973a). These areas of circular structure will eventually he studied in 
the field, but the ERTS imagery has assisted in locating areas for specific field 
investigations. The reason some of these areas were not identified as such before 
is due to the remoteness of such areas and the fact that a number of aerial 
photographs, mosaicked together, would be necessary to see the entire structural 
pattern, a pattern easily missed on a single aerial photograph. 

Volcanic Geomorphology Experiment 

The active zone of rifting and volcanism of Iceland, which is highly 
generalized in Figure 1, is actually quite complex from a structural and volcanic 
viewpoint. The active volcanic zone, Pleistocene to Holocene in age, is 60 km 
wide in the north, but bifurcates in the south with a western limb about 40 km in 
width and an eastern one about 70 km wide. Jakobsson (1972b) has recently proposed 
calling the petrographically similar northern and western zones collectively the 
Median Zone, in a restricted sense. The active zone has two "outliers" to the 
northwest and southeast, Snaxfellsnes and t>r<efaj okull , respectively. Both of these 
large and beautiful stratovolcanoes , as well as numerous other volcanoes, have been 
active in postglacial time. There is no question that the active volcanic zones, 
one fourth of Iceland or about 25,000 km2 , have been a prolific producer of lava. 
Approximately 12,000 km^ are covered with post-glacial lavas, which have erupted 
from 150-200 Holocene volcanoes (Thorarinsson and others, 1959). Ox. the basis of 
earlier estimates summarized by Karl Sapper, Rittman (1962) estimated that 24 
percent of the total outflow of lava from the Earth 's land surface, between A. D. 

1500 and 1914, has been from volcanoes and fissui'e eruptions in the neovolcanic 
zone of Iceland. 

The magnitude of volcanic activity has created a number of volcanic landforms . 
Thorarinsson (1960) has placed most of the basaltic volcanic landforms in Iceland 
into a logical classification system (Table 1). Iceland's cool windy climate 
severely limits the growth of vegetation in many parts of the country. Most of the 
soils are either wholly or in part of transported origin (eolian, glacial or fluvial). 


Chemical weathering proceeds but very slowly. Except for lichen growth and 
eolian deposits on lava flows, most postglacial volcanic lanforms appear little 
changed from their origin morphology. Tv was expecued, therefore, that Iceland 
would afford an excellent opportunity to observe the regional aspects of volcanism 
with ERTS imagery, and that the regional view of volca. ±c landforms in relation to 
the volcanic structure of Iceland would be of value tc geological studies in 
Iceland. It was also anticipated that such imagery would give volcanic geomorphol- 
ogists their first real look at a small-scale view of regional volcanism, important 
by itself, but also of immense value to extraterrestrial studies, particularly 
of possible volcanic landforms on the lunar surface and probable volcanic landforms 
on the lunar surface and probable landforms on the Martian surface. 

The results from this experiment are that ERTS provides the first satellite 
imagery with sufficient resolution to systematically map many of the Earth's 
volcanic landforms.. Of the volcanic types classified by Thorarinsson (Table 1), 
representative examples of each could be identified on ERTS-1, MSS imagery. However , 
only 6 of the 13 types could be definitely recognized without additional information. 
They are : shield volcano (Figure 23), stratovolcano (Figure 12), tephra ring 
(Figures 2 and 3), maar (Figure 8), spatter cone row (Figure 12), and stratified 
ridge (Figure 8). These landforms are in addition to the delineation of lava flows, 
tephra falls, and calderas which were discussed in the Geologic Structure Experiment. 
It was also possible to delineate some of the larger tectonic fissures, grabens , a 
rhyolitic coulee in the Torfajokull which was very distinctive on the false-color 
composites, and two types of volcanic landforms which were formed and are probably 
forming today under the Vatnajokull icecap: hyaloclastite ridges and table 

mountains, composed primarily of hyaloclast. 2 breccia and pillow lavas. 

The volcanic landforms and geologic structure of the area to the southwest of 
Vatnajokull are striking. The shadows cast by the serrated crest of the hyaloclas- 
tite ridges, the craters of the 'crater rows, and grabens cause these landforms to 
stand out sharply at the low sun angle. The image also shows very clearly how 
extremely straight lined some of the serrated ridges are, and how for long stretches 
they show no tendency to the en echelon pattern so characteristic of many fissure 
systems in southwest and north Iceland. There is little question that a study of 
the regional topography of this area could have a strong bearing on the understand- 
ing of the submarine topography of the Mid-Atlantic Ridge as shown on Heezen's maps 
(Heezen and others, 1959). 

North of Vatnajokull, and in other places in the active zone of Iceland as 
well, are some classic examples of table mountains (Figure 2) ( Kj artansson , 1960; 
van Bemmelen and Fatten, 1955). These volcanic edifices, several beautiful 
examples of which are shown in Figure 2, are basically a type of shield volcano, 
but which have a unique geomorphology. Beginning as subglacial eruptions, they 
built up as a confined pedestal of hyaloclastite breccias and pillow lavas before 
perforating the overlying icecap. After perforation, a supraglacial lake formed, 
and the resulting rock morphology was primarily that of pillow lavas. As soon as 
the lava became subaerial, a normal shield volcano formed, often with a large 
central or pit crater-, The table mountains and hyaloclastite ridges are distinctive 
features of the Icelandic landscape, even more so when viewed stereoscope cally on 
side-lapping ERTS images. This is true in the study of most of the landforms of 
Iceland. In many cases features are overlooked on the two-dimensional image which 
are immediately evident in the stereoscopic view. For many types of geomorphic 
and structural geologic studies the ability to analyze the image in a stereoscopic 
manner is mandatory. The two-dimensional limitation of most ERTS imagery is a 
distinct handicap in geomorphic studies in particular. 

It is suggested that the study of the volcanic landforms of Iceland on. ERTS 
imagery may be of particular importance to the continuing studies of the 
geomorphology of the Martian surface and perhaps even to the lunar surface as well. 
There are some striking analoges between the volcanic landforms of Iceland and the 
Martian surface features recorded on Mariner 9 imagery. If, as some scientists 
now suggest, different climatic variations existed in the Martian past, many of the 
aspects of the present geomorphological environment of Iceland may have been 
present - including the juxtaposition of volcanism and glaciation. As one example, 
Nix Olympica's morphology, as depicted on Mariner 9 imagery, may be the result of 
subglacial volcanism, the steep sides (2 km high) having formed subglacially in an 
icecap environment. As can be seen on Figure 2, similar yet smaller volcanic 
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Surtsey, can be seen on Figure 14, an enlargement of an ERTS-1 MSS image (Surtsey, 
E5, 13 Aug. 73, 1392-12194-6). At map scales of 1:100,000, or smaller, ERTS 
imagery could be used to revise planimetric maps of volcanic islands. 

Figure 15 is a recently revised map of Heimaey which is based on 1965 data, 
published in 1966, and revised, by red overprint, on 23 January 1973, within a 
week after the volcanic eruption began. Figure 16 is an enlargement of an ERTS 
image of Heimaey prior to the volcanic eruption (borisvatn, D6, 21 Nov. 72, 
1121-12143-6). The west side of the island is partially obscured by a lenticular 
cloud; however, the eastern half is cloud free. Figure 17 is an enlargement of an 
ERTS image of Heimaey after the eruption had ceased (Hekla, D5, 19 Aug. 73, 1392- 
12191-6). The increase in land area, due to lava flows, on the east side of 
Heimaey can be clearly seen. Again, these images point out the fact that, at 
least to map scales of 1:100,000 or smaller, ERTS imagery may be directly used to 
effect planimetric revisions of existing maps, or in the absence of existing maps, 
show changes caused by volcanism by comparison of "before" and "after" images. In 
remote areas, ERTS imagery offers volcanologists a powerful new tool in the study 
of changes on volcanic islands and perhaps even produce a "time-lapse" record of 
an eruption in progress. 

HYDROLOGICAL STUDIES 
Ephemeral Snow and Ice Experiment 

It was expected that ERTS imagery would permit the mapping of variations in 
snow cover in Iceland over time, mapping of surface water distribution, and 
mapping of ice freezeups and thaws on major lakes. Both snow cover changes and 
freezing and thawing of lakes are very dynamic phenomena, particularly the former. 
The paucity of fall, spring and early summer imagery of Iceland, the former because 
of darkness and the latter two seasons because of tape recorder malfunction, 
severely limited periodic coverage of these two aspects of the experiment. On ERTS 
images, lakes were either snow covered and frozen on wintertime images or ice free 
on summertime images. In no case was any freezeup recorded on imagery; in only 
one case was an ice breakup observed, on a mostly cloudy image of lake Apavatn in 
southwestern Iceland (borisvatn, D6, 27 Mar. 73, 1247-12145), About a month 
earlier the mostly cloud-covered image showed the partially frozen lake 
bingvallavatn ( bingvallavatn , D4 , 21 Feb. 73, 1213-12261). 

Of particular importance to Iceland is the persistence of snow cover into .the 
summer months, particularly in the rangelands of the interior, which are used for 
grazing by sheep when the snow has melted. Persistence of snow is related to the 
amount of snowfall during the previous winter and to the coolness of the summer 
months. There has been some deterioration of climate in Iceland since the early 
1960 *s. The persistence of snow in the interior and of concentrations of sea ice 
on the north and east coasts, particularly in the late 1960*5, serve as indicators 
of a colder climate in Iceland. Snow cover and its persistence is of particular 
importance in the polar regions because, "Areas of prolonged coverage are potential 
sources of glaciation" (Anon., 1970b, p. 88). 

Although snow cover has, of course, been successfully mapped from satellite 
imagery of the TIROS, ESSA, and Nimbus series, as well as from photography from 
Apollo 9 (Barnes and Bowley, 1966, 1968a, 1968b, 1969a, 1969b, 1970, and 1972; 
Fritz, 1962; Tarble, 1963; Popham and Samuelson, 1964; and Popham and others, 1966) 
the resolution characteristics of the ERTS-1 MSS instrument provide far more accu- 
rate snow cover information, in most cases approaching high-altitude aerial 
photography in detail, but offering a much greater area of simultaneous coverage 
(Barnes and others, 1972 and 1974; Barnes and Bowley, 1973b; Meier, 1973; Wiesnet, 
1972; and Wiesnet and McGinnis, 1974). 

The Nimbus and NOAA series of weather satellites have not yet been displaced 
by ERTS, because they provide much more coverage of an area at least twice daily 
with their highest resolution sensors (North America only; tape recorder limited 
outside North America), and multiple daily coverage with lower resolution sensors. 
Snow cover can change very rapidly, particularly in the springtime. Therefore 
the weather satellites retain their preeminence over ERTS in snow-cover mapping 
because of their greater frequency of coverage (Wiesnet and McGinnis, 1974). 

Figure 18 shows some of the detail of snow cover available from NOAA-2 imagery of 
Iceland. Between late March and early July 1973, no ERTS imagery exists of Iceland 


This NOAA-2 image shows that much of the snow cover of Iceland has melted by 
22 May 19? 3, except in the highlands. For snow cover mapping, ERTS imagery can 
only t-e considered to be complementary to weather satellite imagery. 

Nearly every ERTS image of Iceland shows some change in previous distribution 
of snow cover. Great detail is evident in many of the images. In midsummer 
images, areas of snowpaek can be seen, including long, linear white strips, where 
the previous winter's snow has drifted against linear volcanic and structural 
landforms. Even in mid- and late-summer, ERTS imagery has often recorded fresh 
snowfalls, particularly in the higher elevations. Where the air temperature is 
above 0°C, fresh snowfalls often appear white on bands 4 and 5, and black on bands 
6 and 7 (Williams and others, 1973a). Thus areas of melting snow, either on the 
terrain or glaciers, can be mapped. 

The most important application of ERTS imagery, resulting from this experiment, 
was in the delineation of surface water distribution in Iceland, particularly in 
the mapping of lakes. Of particular interest were the changes in lakes fed by 
glaciers when compared with existing maps and the effect engineering activities 
are having on borisvatn, a large V-shaped lake north of Torfajokull in central 
Iceland. Flow in its northern outlet, borisos, to the Kaldakvfsl river has been 
reversed. Sediment-laden (glacial rock flour) water from Kaldakvisl , which drains 
the northwestern edge of Vatnajokull, is now entering the lake via borisos. On 
band 4 imagery (Vatnajokull, D7, 9 Sept. 72, 1048-12080-4), a distinct sediment 
plume can be seen extending into most of the western arm of the lake, although 
becoming less distinct with increasing distance from its former outlet. It is still 
distinguishable for a distance of 10 km, however. This sediment should have an 
impact on the natural ecology of the lake, originally a ground-water table lake with 
no incoming streams and but one outlet (Sigbjarnason, 1972). 

Numerous smaller lakes around the country have different shapes and areas than 
their representation on maps. It is the glacier-margin lakes, however, which have 
exhibited the greatest change from existing maps. Some have even changed in area 
during the course of a year of ERTS imagery. These lakes will be discussed more 
fully under the Glaciological Features and River Flooding Experiments. 

Glaciological Features Experiment 

Of all the ERTS experiments in Iceland the glaciological features experiment 
has yielded the greatest amount of new scientific data. This is due to the 
dynamical aspects of glaciers and related features in Iceland, the very great size 
of some of Iceland's icecaps and glaciers, the logistical difficulty in studying 
these icecaps, and the obvious change in so many types of glaciological features 
when compared with existing topographic maps. ERTS imagery, because of its 
repetitive, high resolution, synoptic coverage of glaciers, provides glaciologists 
with an important new tool in monitoring changes in glaciological features as well 
as delineating features on the surface of glaciers which have hitherto gone unob- 
served. In particular many new features have been revealed on the four largest 
icecaps of Iceland, Vatnajokull, Hofsjokull, Langjokull and Myrdals jdkull , from 
ERTS imagery acquired at low sun angle. 

ERTS imagery is the first satellite imagery to have sufficient resolution to 
be useful to glaciologists. Individual glaciers and icecaps in Iceland (and other 
areas) were imaged by previously and currently operational weather satellites, 
such as Nimbus and NOAA-2, but neither had sufficient resolution to depict anything 
but gross glaciological features. Figure 19 is a 21 September 1970 image of 
Iceland taken by Nimbus IV. The four largest icecaps can be grossly delineated. 
Figure 18 is a NOAA-2 image of Iceland acquired on 22 May 1973. Considerably more 
detail is apparent on this image with the four largest icecaps more clearly 
delineated and some of the smaller icecaps as well. The Grimsvotn caldera in west- 
central Vatnajokull can be seen. 

About one tenth of Iceland is covered by glaciers , nearly all of which are 
termed icecaps. Figure 20 shows the 33 IHD (International Hydrological Decade) 
glaciological observation stations in Iceland and all of the important glaciers 
(Rist, 1967b). Table 2, which accompanies Figure 20, lists most of these glaciers. 
All of the glaciers listed after Tungnafells jokull encompass areas of 30 km^ or 
less. Sufficient late summer and early fall 1973, ERTS-1 imagery of Iceland now 
exists to accurately map planimetrically the 10 percent of Iceland covered by 
glacial ice. 


Optimum imagery has been obtained of Vatnajokull (Figures 21 and 22), 
Hofsjokull (Figure 23), Langjokull (Figure 23), Myrdals jokull (Figures 22 and 23), 
and Eyjaf jallajokull (Figures 22 and 23), or five (including the four biggest) of 
the seven largest icecaps in Iceland and five of the smaller (less than 50 km 2 ) 
icecaps as well. 

Special planimetric maps are being drafted from this ERTS imagery for 
comparison with previously published maps. All of Iceland's glaciers have a long 
history of change, some gradual, some rapid (Eyfiorsson, 1963; Thorarinsson , 1964 ; 
and Sigbjarnarson , 1970). 

Special emphasis is being given to Vatnajokull, the largest icecap in Iceland 
(Figure 24) (Ey£>orsson, 1960). It has an area of approximately 8,400 km 2 
(Thorarinsson, 1956) and is characterized by numerous outlet glaciers, particularly 
on the south and east margins; at least three subglacial volcanoes, Oraefajokull , 
Grimsvotn, and KverkfjBll (Friedman and others, 1972); and numerous glacier-margin 
lakes, Grimsvotn, in particular, has had a long history of jokulhlaups, extraor- 
dinary discharges of water from the margins of a glacier caused by either the 
failure of ice dams which impound subglacial or glacier-margin lakes or subglacial 
volcanic and solfatara activity. Historic jdkulhlaups are also known from other 
parts of Vatnajokull and also from Myrdals j okull (Thorarinsson, 1956), a result of 
a subglacial eruption of the volcano Katla (Rist, 1967a), Eyjaf jallajokull and 
Cirsfajokull (Thorarinsson, 1958 ). 

Figure 12 shows a number of depressions on the surface of Vatnajfikull, all the 
result of subglacial geothermal or volcanic activity, and some of which are related 
to recent jokulhlaups. The depressions seen on this ERTS image near the northern 
rim of the GrimsvBtn caldera form or deepen after each jokulhlaup from Grimsvotn , 
the last one having occurred in March 1972. They are most certainly the result 
of permanent subglacial geothermal activity and subsidence of the overlying ice, 
following withdrawal of meltwater (Thorarinsson and others, 1973). The series of 
shallow depressions forming a chain east to south-southeast of the southeastern 
part of the caldera may possibly show the subglacial course of the flood water from 
the March 1972 jokulhlaup from Grimsvotn. 

Between Grimsvotn and the western edge of Vatnajokull are three more depres- 
sions, almost certainly also the result of subglacial or volcanic (?) activity. 

The main depression (the easternmost one) was first observed by Thorarinsson and 
Hannesson during a reconnoitering flight over Vatnajokull on 7 September 1955. 

Since that time jokulhlaups have occurred every second year in Skafta, a river 
which drains Vatnajokull on the southwest; the last one took place in August 1972. 
The depression has never been refilled by snow between jokulhlaups (See Figures 12 
and 22). The depth of the depression after each jokulhlaup has been 100-150 m. 

On Figures 12 and 22 the twin snow- and ice-filled craters and the ice-free 
valley at Kverkfjoll can be 'delineated . A jokulhlaup from Graenalon , a glacier- 
margin lake on the southwestern edge of VatnajBkull, which was unrelated to 
geothermal or volcanic activity, occurred in August 1973, and will be discussed 
under the River Flooding Experiment. 

Changes in area, disappearance, and creation of glacier-margin lakes are quite 
common occurrences along the edges of icecaps or glaciers (Tomasson and Vilmundar- 
dottir, 1967), particularly at the terminuses of glaciers. Vatnajokull is no 
exception (Price and Howarth, 1970). Numerous changes in and disappearance of such 
lakes have been reported in the literature (Thorarinsson, 1939). The surging 
glacier, Eyjabakkaj okull (Figure 24), which surged during late 1972 and early 1973 
(?) caused a lake to increase in size which lies between it and another surging 
glacier to the west, Bruar jokull. A number of changes in lakes along the edge of 
Bruar jokull, which last surged in 1963, are also evident. 

Eyjabakkaj okull was in the midst of a surge when ERTS-1 passed over on 
14 October 1972 (Figure 25). Rist (1972) reported that the surge might have begun 
as early as 25 August 1972, and that travelers estimated a forward movement of 
800-1,000 m as of 20 September 1972. Observations were made by two men on 7 and 
21 October 1972; they estimated a movement of 370 m between those two dates or 
over 26 m per day. According to measurements made on the two ERTS-1 images 
(Figures 25 and 26), Eyjabakkaj okull surged 1.8 km between 14 October 1972 and 



22 September 1973, mostly in late 1972, but possibly including some motion in early 
1973. If the field observations and the measurements from FRTf imagery are combined, 
then Evbakka jokull surged in excess of 3 km in a fe- months, perhaps in as little as 
a few weeks. 


The most profound changes, however, were the successive changes in the area of 
Prmnalon (Figures 12, 21, 22, 27, and 28). Successive ERTS images showed an 
increase in surface area, until the ice dam was partially breached, thereby result- 
ing in a jokulhlaup and a sharp reduction in lake area. Glacier-margin lakes, or 
any lake which is receiving sediment-laden runoff from a glacier, have a 
distinctive robin 's-egg blue color on MSS false-color composites (bands 4, 5, 7), 
placing them in sharp contrast with the white of the glacier, reds of vegetation, 
or other nonblue colors related to soil or bedrock. 


Beyond the present margins of Vatnajdkull are a number of interesting features 
related to past positions of Vatnajdkull and Hofsjokull outlet glaciers. Recessional 
moraines are well displayed on Figure 12 in front of several outlet glaciers of 
Vatnajokull: Svinaf ells jokull , Skeiftarar jokull , and SiAujokull. The beautiful little 
outlet glacier on the southeast side of the Hofsjokull icecap, has a striking 
series of concentric recessional moraines. Large medial moraines within the icecap 
proper (Vatnajokull) also show up well under the low sun angle, particularly on the 
eastern side of Dyngjujokull and southeast of Esjufioll (Figure 12). On late 
summer imagery of Vatnajokull (Figures 21 and 22) the dark color of lateral and 
medial moraines can be sharply delineated. The distorted pattern of medial moraines 
in surging glaciers contrasts sharply with the undisturbed pattern of non-surging 
glaciers. These contorted medial moraine patterns can provide useful markers for 
the measurement of glacial ^motion over time. For example, on images of contorted 
medial moraines on SkeiSarar jdkull (Figures 27 and 28) taken about 11 months apart, 
an estimated 600 m of glacier motion has taken place, on the eastern side of 

SkeiSarar jokull , east of lake Granalon. This shows that ERTS imagery can be used, 

in certain instances where "marker" features are present, to measure directly 
surface flow rates of glaciers. This is important in the study of the dynamics of 
glacier movement, because the position of the snout or terminus of a glacier 
represents, whether or not the glacier is in equilibrium with respect to accumulation 

and ablation or is in inequilibrium. In the case of SkeiSarar jokull the only 

direct measurement of the movement of this glacier was made by a Polish expedition 
during the summer of 1968. They found that the annual movement of SkeiSarar jokull , 
southeast of Grsnalon to be about 430 m (Wojcik, 1973), 

On false-color composite images, recently deglaciated terrain can be 
distinguished in some cases on the basis of vegetation difference (l t ck of grasses 
and lichens) from older deglaciated terrain, where the lichens have a purplish hue, 
and the. grasses have a pink or red color. This distinction is particularly well 
defined in front of the small outlet glacier on the southeast side of the 
Hofsjokull icecap. On Figure 23, the band 7 ERTS image shows a dark band of 
concentric moraines between the glacier's terminus and the highly reflective grassy 
swamplands to the southeast. A similar dark fringe is common to many of Iceland's 
icecaps . 

River Flooding Experiment 

The lack of spring imagery of Iceland prevented the mapping of spring runoff 
and floods along major river valleys, the time of two prominent periods of higher 
than nor'mal. flow in drainage basins in Iceland. According to Rist (1969), high 
flow rates of Icelandic rivers do not necessarily follow the temperature pattern of 
peak discharge during the spring. High flow rates can occur during February-March 
(winter thaw), May- June (spring thaw), July-August (melting of glaciers), and 
October-November (autumn rainfall). 

Changes in distributaries from glaciers could be mapped, however, particularly 
across the Skei&ararsandur (Figure 24) of the southern coast. Braided stream 
drainage on this large outwash plain is the result of melting snow and ice from 
Skeiftarar jokull and other outlet glaciers on the southwestern margin of Vatnajdkull. 
Maximum flow across the SkeiAararsandur takes place during July and August. On 
Figure 12, very little discharge is taking place across the SkeiAararsandur , because 
it is winter. A snowstorm had crossed the area the day before, and the 0°C isotherm 
(during the storm) is represented by the snow-bare land contact at higher elevations 
on the outwash plain, inland about 20 ]<m from the coast. Some ablation is taking 
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place) however, from the snout of Skei!>ararjdkull even in midwinter. Maximum 
discharge of these glacial rivers can be seen on Figure 21, an image acquired on 
30 July 1973. Reduced runoff only ? weeks later, on 22 September 1973, can be seen 
on an early fall image (Figure 22). 

It was anticipated that a jokulhlaup might occur during the ERTS-1 experiment. 

The effects of two jokulhlaups, one^in March 1972 from GrimsvGtn and the ether in 
August 1972 from an area between Prims votn and Hamarinn, in the development of 
collapse features on the surface of Vatnajokull, has been discussed under the 
Glaciological Features Experiment. A jokulhlaup did occur from Graanalon in August 
1973. The increase in area of this lake over a 10 month period to the jSkulhlaup, 

and the decrease in area of the lake and new river channels across the Skei6arar- 

sandur after the jbkulhlaup can be clearly seen on ERTS imagery. Granaldn was first 

imaged on 14 October 1972 (Figure 27); the ice dam of a valley glacier from 

SkeiAar-arjokull can be seen to the east. The lake was again imaged on 31 January 
1973 but was completely frozen. The third time it was imaged was on 30 July 1973 
(Figure 21) when it had reached its largest extent prior to the jokulhlaup. Less 
than 2 weeks later the ice dam was partially breached, and a small jokulhlaup 
partially drained Grmnaldn (Figure 28) along the Sula River which flows along the 
western margin of Skei^ararj okull and then south across the SkeiSararsandur, The 
change in channel position of this river across the SkeiSarar sandur can be seen by 
comparison of Figures 21 and 22. After the jSkulhlaup, Graenalon did not return to 
the small area shown on Figure 27, but stabilised somewhat larger in area. Because 
of the shape of the Grcenalon basin the lowei-ing of water-level of Grsnalon, resulting 
from the jokulhlaup, could be determined from the ERTS imagery with an error- of less 
thani2 m. 

Jokulhlaups from this part of Vatnajokull are no longer solely of academic 
inter-est because of the completion in 1974 of the first all-weather road 
(Kristinsson, 1972) across the SkeiSararsandur . This road will permit considerable 
vehicular traffic to move along the south coast of Iceland for the first time. 

The prediction of the occurrence of jokulhlaups takes on added significance because 
of the need to provide advance warning. It is suggested that a combination of ERTS 
imagery and data collection system (DCS) platfor-ms (ERTS or synchronous meteorological 
satellite) could provide the basis for such a warning system. The experience with 
ERTS imagery of Gramalon shows that imagery alone can at least monitor the increase 
in size of glacier-margin lakes. 

OCEANOGRAPHIC STUDIES 


Sea Ice Experiment 

The pr-esence of sea or floe ice off the northern and eastern coasts of Iceland 
has historically had a deleterious effect on grass growth in I ie i an d and has 
affected the shipping of goods to northern ports, such as the city of Akureyri. 
Particularly for shipping requirements the Icelandic Meteorological Office and the 
Icelandic Coast Guard monitor drift ice off the coast of Iceland, Sea ice, because 
it lowers sea-water- temperatur-es below normal, may also affect the very important 
herring fisheries in Iceland (Jakabsson, 1969). However, sea ice concentration 
and persistence are only two of several variables which are thought to govern 
herring abundance. 

Drift ice - its concentration and persistence - has had a marked influence on 
the economy of Iceland. Its impact on the natural environment has been studied by 
a number- of Icelandic scientists, including Bergthorsson (1969), who found a good 
correlation between annual temperature and the resulting influence on the regime of 
Icelandic glaciers; Thorarinsson (1969) who discussed the effect of sea ice on 
glacier variations; and Frioriksson (1969), who has studied the effect of sea ice 
on annual grass yield. There is no question that the mapping of the drift ice 
margin and the concentration and movement of drift ice, if accomplished from 
satellite imagery, would be of value to the Icelandic economy. 

Icelandic scientists have experimented with automatic picture transmission 
(APT) imagery from the ESSA satellite series (Jonsson, 1969); however, most of the 
Icelandic sea ice maps are compiled from observations made by aerial reconnaissance 
(Jakobsson, 1969, Sigurdsson, 1969) and the maps by Hlynur Sigtryggsson for the 
years 1960-1969 (BarSarson, 1971). Subsequent weather satellites have shown a 
steady improvement in spatial resolution. Figure 29 shows sea ice between Iceland 


and Greenland in the Denmark Strait or a Nimbus III Image Dissector Camera System 
CIDCS) image on 15 April 1969. Figure 18 is a NOAA-2 image mosaic of sea ice 
between Iceland and Greenland in the Denmark Strait on 22 May 1973. Only one ERTS 
image cf the waters northwest of Iceland included any sea ice. That image (Skagi, 

B3 j 23 May 73, 1304-12310) was acquired the day following the NOAA-2 image (Figure 
18). The absence of other ERTS-1 coverage of northwestern Iceland and the sea 
north cf the island, which is the usual closest approach of sea ice to Iceland; a 
mild sea-ice season; and the limitation in size of the test site to rhe north all 
prevented the objectives of the sea-ice experiment being attained. 

Drawing from the work of Popham and Samuelson (1964), Predoehl (1966) and 
McClain and Baliles (1971), McClain (1972), Campbell (1972), Barnes and Eowley 
(1973a and 1974), and Wiesnet and McGinnis (3974), who have all studied sea ice from 
satellite sensors sensitive to reflected energy, and the work of Barnes, Chang, and 
Nilland, ir. a series of reports (1969, 1970a, 1370b, 1972a, and 1972b), who have 
mapped sea ice on satellite thermography, it is obvious that the much higher 
resolution cf the ERTS sensors and lesser frequency of coverage by xhe satellite, 
resulting from the relatively small field of view and orbital altitude to achieve 
the higher resolution, severely limits the usefulness of the ERTS imagery for mapping 
sea-ice concentration and movement. Persistent cloudiness around Iceland, combined 
with the infrequent coverage with ERTS-1, also limits availability of imagery. 

Another problem with sea-ice mapping with ERTS imagery north of Iceland is low solar 
illumination during nearly one-third of the year, that is the months of December 
and January and much of November and February. It is evident that a thermal 
channel on" future MSS systems on ERTS-type satellites will be needed to overcome 
this deficiency. It would seem, therefore, that insofar as sea-ice mapping is 
concerned ERTS imagery can be best employed as a supplement to weather satellite 
imagery. 

Finally, with respect to the addition of a thermal sensor on ERTS spacecraft, 
a valuable spinoff to having such a sensor to map sea ice during the winter months 
is that satellite thermography could provide much needed data on the variation in 
surface water temperatures of marine currents around Iceland, of great potential 
value to the fisheries industry. A preliminary evaluation of NOAA-2 thermography 
has established the promise such satellite thermography holds for mapping marine 
currents off the coast of Iceland. 

\ 

AGRICULTURAL STUDIES 


Grasslands and Forest Experiment 

Animal husbandry, particularly sheep and cattle, is an important element of 
the Icelandic economy. Grass, therefore, is an important agricultural resource. 
Although Iceland was" forested at the time of settlement, the excessive harvesting 
of timber, the introduction of large, free ranging flocks of sheep, and the 
apparent slight deterioration of the climate have resulted in almost total denuda- 
tion of forested land. Birch, dwarf birch, and willow trees and various bushes 
exist in favorable locations, but only two sizeable areas of true forest still 
exist, Hallorms stadur in eastern Iceland, and Vaglaskogur near Akureyri. It was 
anticipated that the ERTS false-color composites would permit an accurate 
inventory to be made of areas covered by trees and bushes and assist in planning 
future reforestation work. Of greater importance, however, would be an accurate 
inventory of grasslands with such imagery. The sea ice and resulting lower summer 
and annual temperature had a devastating effect on hay yield in^the northern, and 
to a lesser extent in the southern, part of Iceland in the 1960 's decade 
(Fridriksson , 1969). It was expected that ERTS false-color composites of the 
grasslands would permit an assessment of areas subjected to winter-kill. More 
importantly, however, an assessment of the grasslands could perhaps be made on a 
regional basis during the growing season and a correlation made between distribution 
of vegetation and persistence of snow cover. 

The agricultural industry of Iceland is heavily dependent on the at'eal extent, 
health, and growth rate of the grasslands. The grasslands are usually divided into 
lowlands and highlands, the latter being used for grazing by sheep during the 
summer months, and the former by cattle and Icelandic ponies during the late spring, 
summer and early fall. The highland grasslands are used in their natural state, 
while some of the lowland grasslands have been subjected to extensive ditching to 
lower the water’ table, thus improving the soil properties and increasing the grass 






yield. On the horaefields (Icel. tun), the application of fertiliser, ditching, 
and seeding have markedly increased the vield. The harvesting of hay from the 
homefields provides the feed for the animals kept through the winter months. 

There is considerable effort being expended to reclaim the overgrased lands 
through reseeding and fertilising of barren areas ( Frifriksson and Palsson, 1970). 
Many areas are also being reforested to reverse the post-settlement trend of soil 
erosion (Bjarnascn, 1961). The reclamation program is directed at an increase in 
the area of grazing lands to meet the future resource needs of a rapidly growing 
Icelandic population. 

Although an excellent vegetation mapping program, has been underway for several 
years (Thorsteinsson , 1972), it will be several more years before the mapping will 
be completed. Field observations are being plotted on aerial photographs acquired 
in ca. 1960 and later transferred to hase maps. When completed, the vegetation 
mapping project will provide an inventory of Iceland's vegetation as mapped over a 
15-year period. For' resource management decisions, however, additional, tdmely 
data on the state of the grasslands is utilised. Seasonal imagery is needed so that 
gross changes in the rangelands can be mapped and evaluated. Not only is an 
operational ERTS needed to provide such data, but a means of making newly acquired 
imagery (MSS false-color composites) available to Icelandic agricultural experts 
within 10 days to 2 weeks after acquisition is also required. Infoi'mation on 
dynamic phenomena, such as health and growth characteristics of rangelands, is 
"perishable . ” 

A preliminary study of MSS false-color' composites of various par'ts of Iceland 
has shown that at least five vegetation types can be mapped on ERTS imagery 
(Figures 23 and 30). These are; (1) bushes, dwarf trees, and shrubs; (2) natural 
grasslands; (3) reclaimed land; (4) cultivated homefields; and (5) lichen-cover'ed 
lava fields. In addition, barren lands can be delineated by their' absence of 
vegetation. One interesting finding from a preliminary study of the false-color 
composites is that the grasslands apparently must reach a certain density and/or 
size before they can be imaged even as a light pink. In other words, no pink or 
reddish color exists in the barren lands until an unknown areal distribution and/or 
density of grass is present. What this threshold value is must await careful field 
observations and correlation with preexisting vegetation maps. 

The variations in the climate of Iceland (Ey^orsson and Sigtryggsson , 1971), 
falls of volcanic ash, and presence, persistence, or absence of sea ice off the 
coast of Iceland all can have their effect on the state of the grasslands. Imagery 
from ERTS-type satellites offers, over a long period of time, the means of monitor- 
ing the effect of such phenomena on the grasslands and forests. Aside from the 
importance of an operational satellite to resource management decisions relative to 
the Icelandic grasslands, such long-term studies can have equal value in a better 
knowledge of the response of the grasslands to long-tex'm climatic variation. 

CARTOGRAPHIC STUDIES 

Although not a separate experiment in the original proposal, the cartographic 
applications of ERTS-1 imagery of Iceland have grown to the point where a 
separate study has become both necessary and desirable. Several applications of 
ERTS imagery to improvement of existing small-scale. Icelandic maps appear quite 
feasible and are being pursued. 

Planimetric revisions of existing maps of Iceland to map scales of 1:250,000 
or larger 1 are quite feasible. With careful enlargement of a limited area, 
planimetric revisions to maps at a scale of 1:100,000 also can be accomplished. 

The cartographic experience with ERTS imagery of Iceland has detei'mined that the 
1 : 500 , 000-scale enlargement is the best. Tonal quality, resolution, and size of 
area presented all seem to be at an optimum at the 1:500,000 scale. Several 
experimental cartographic products of Iceland are planned, including: 1:500, 000- 

scale orthoimage mosaics of summer band 5 and band 7 and winter band 7, and three 
1: 250 , 000-scale orthoimage mosaics of the largest icecaps. One of the advantages 
to using ERTS imagery for the latter three maps is that they will show how these 
icecaps' existed at about the same time (within 7 weeks). Previous glaciological 
maps of Iceland are really hybrid composites, being compiled from data of 
different dates, and in the case of Vatnajdkull, covering a number of years. 

Because glaciers are dynamic, such maps are partly fictitious in that they portray 


a feature as it never was. Such carte graphic license is common to maps published 
throughout the world, including those published of remote area: of the United 
States. ERTS imagery can portray features such as glaciers as they are at a point 
in time and also monitor changes quite frequently (NacLcr.ald, _??4) . Another 
cartographic product which is under preparation is a false-color- cc ape site mosaic 
of Iceland at a scale of 1:1,000,000 for use in the grasslands and forest 
experiment . 

The success of ERT3-1 imagery in monitoring environmental phenomena of the 
Earth's surface has been solely through analysis of tonal variations (reflectance 
differences) on the imagery, a two-dimensional entity. However, some of the ERTS-1 
scientists (Poulton, 1972; Williams and others, 1973b) have taken advantage of the 
limitec sidelap available to map phenomena from a stereoimage. 

Although stereophctogrammetr-.c techniques applied to photograpr.s of the 
Earth's surface are the basis for the production of modern topographic maps, ERTS-1 
and its immediate successors were not designed for 3-dimensional mapping. Therefore 
the use of ERTS stereoimagery for the production of topographic maps is not an 
issue, rather it is the importance of ERTS stereoimagery to improving the extraction 
of certain types of 2 -dimensional information. Stereoimagery from overlapping ERTS 
images of Iceland has been found to be of significant value in the study cf 
geomorphic and structural geologic features or to phenomena related to morphology. 

Photogeologists are trained to use. stereophotographs to map geologic formations 
and structure on the basis of obvious or subtle differences in landf orms . Such 
differences are often not evident on 2-dimensional photographs. With the current 
ERTS imagery, most investigators are unaware of the advantages of stereoimagery in 
mapping landf orm-related phenomena. It is curious, however, that a number of 
investigators, at the Various ERTS-1 symposia (three to date) have commented on the 
importance of midwinter imagery to mapping certain types of phenomena (faults, 
lineations, landforms). This is because the lower sun angle of imagery at this 
time of year (in the Northern Hemisphere) enhances structural and morphologic 
details of the Earth's surface. 

Interestingly enough, however, the low angle of solar illumination creates a 
sort of ersatz stereoimage in that the shadowing produces an effect similar to that 
achieved by selective shading on contour (topographic) maps. In Iceland, for 
example, ERTS imagery acquired at a 7 ° sun angle, revealed new subtle structural 
and morphologic details of unquestioned geologic value. 

Because of the time of passage of ERTS over much of the Earth's surface, low 
sun angle imagery must be restricted to the higher latitudes. The provision of a 
stereocaiera capability, on a future ERTS, however, would permit the acquisition of 
stereoimagery of the entire Earth (McEwen, 1974). Stereoimagery would be of 
significant value to the mapping of many types of environmental phenomena. The 
ability to view the Earth in 3 dimensions and to relate dynamic and static 
environmental phenomena to these 3-dimensional images should not be treated lightly, 
but rather as a major step forward in our ability to view and record environmental 
conditions on our planet's surface. 

An experiment was undertaken to try to determine whether stereopairs of 
adjacent (sidelap) ERTS-1 images of high relief areas of Iceland could give 
meaningful relative elevation differences. Some success was achieved using a Kern 
PG-2 measure of relative elevation of mountains where considerable overlap existed 
in successive orbits. A ground feature is imaged on three successive orbits at 
the latitude of Iceland, (65°N.) with about a 130 km baseline separation between 
the first and third orbits. Sufficient parallax existed on Herb-ubreid , a table 
mountain with 1,000 m of local relief, in north-central Iceland (Figure 2). The 
stereoplotter operator stated that he thought he could draft 10 contour lines 
within the 1,000 m elevation difference, giving a 100 m relative measurement 
capability from ERTS. 

The repetitive ERTS-1 imagery acquisition over Iceland has caused a very large 
cataloging problem. For that reason a geographic matrix for Iceland has been 
created to place each image in its proper geographic area. Figure 31 shows how 
each image (and repetitive images of the same area) has been arbitrarily given a 
specific geographic name. Each matrix square (image) contains one or more images 



of much the same area. Successive images differ only in their date and the amount 
of cloud cover. The handling of ERTS-1 imagery then becomes quite similar to map 
or aerial photo handling. 

The arbitrary geographic matrix for ERTS-1 imagery of Iceland becomes a series 
of "quadrangle maps," easy to fit into existing map and aerial photographic 
coverage. NASA should consider holding the orbit quite closely over time and hold 
"framing" to the same area. In this way successive ERTS-1 images would become 
"maps" of specific areas. Study of dynamic phenomena could be more easily carried 
out, particularly computer-assisted, change-detection mapping. This suggestion, 
developed independently, is quite similar to Schoonmaker 's (1973a and 1973b) and 
Colvocoresses' (1973b) excellent idea for an image format map series. 

The high surface albedo (reflectivity) of snow permits imagery to be acquired 
unde-.' low intensity of solar illumination, that is at low solar angles. Considera- 
tion should be given to extending the programmed coverage of polar areas with the 
ERTS satellite to solar elevation angles as low as 5° , perhaps even lower. In 
addition, consideration should also be given to the acquisition of ERTS imagery 
during the polar summer when the midnight sun should offer sufficient illumination. 

CONCLUSIONS 

ERTS-1 imagery of Iceland provides the basis for the study of several different 
geological and geophysical phenomena which relate in art important way to the 
natural resources o^,. Iceland. Preliminary analyses of available ERTS-1 imagery of 
Iceland clearly shS'ws that timely analysis of repetitive ERTS data can enable 
Icelandic research institutes and governmental agencies to measure and map 
important environmental features which have great economic implications in Iceland. 

Table 3 provides a brief summary of the most important results to date from 
the ERTS-1 experiment in Iceland as well as a comparison with expected results 
before ERTS-1 was launched. Full or partial success was achieved with each of 
these studies except for the sea ice study. The failure to reach 100 percent of 
the objectives for all the experiments was the result of the lack of seasonal data 
of Iceland from ERTS-1, 

Because of the wide variety of geological and geophysical phenomena which can 
be observed in Iceland, and because of the very clear and direct relation to the 
management of the country's natural resources, Iceland is particularly well suited 
for experimental studies to establish operational feasibility of the use of 
operational earth resources technology satellite sensors and other systems to meet 
resource inventory and management needs on a timely and cost-effective basis. 

Success with such an operational system in Iceland will point the way to the use by 
other countries of the techniques and concepts proven in Iceland. Iceland shares 
with the United States and with most other countries of the world a need for 
accurate and timely information on the status of its natural resources, in order to 
make wise decisions concerning the optimum utilization of such resources. ERTS-1, 
the progenitor of a line of earth resources technology satellites, provides a 
"first-time" capability for the acquisition of environmental information, 
particularly for data on dynamic environmental phenomena. 

An operational ERTS, with sufficient command-and-control capability, sufficient 
tape recorder capacity, and a thermal sensor still remains but a promise, however. 
All of this is available from existing ERTS technology if the technological and 
political leadership of the U. S. and the world will make the necessary hard 
decisions to build more ground receiving stations, provide long-term support for 
an operational ERTS system, an estimated U. S. $30 million per year, accelerate 
data dissemination to users, and restructure data user organizations to work with 
near real time information rather than obsolete or invalid data. 
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FIGURE 1. Geologic Map of Iceland modified from 
Palmason and Srmundsson, 1974, fir. 2. 









Figure 2. The Namafjall geothermal area (1) appears on wintertime imagery as a 
light grey, linear, "ragged area," which is surrounded by bright white snow 
(Myvatn, C6, 9 Mar. 73, 1229-12142-7). Open water in lake Myvatn due to thermal 
spring discharge can be seen at (2), due to a high volume of spring discharge at 
Kilfastrdnd (3), at the main river outlet of the lake at Alabrot (4), and at lake 
Graenavatn (5), just to the south of Myvatn. The tephra ring, Hverfjall, can be 
seen at (6). The table mountains, B-ejarfjall (7), Gssaf 'oil (8), Sellandaf jail (9), 
and Her5ubrei5 (10), also stand out sharply. Compare with Figure 3. 




Figure 3. The Namafjall geothermal area (1) appears as a light greenish area on an 
tlSS color composite (bands 4, 5, 7), here shown on band 5 (Akureyri, C5, 19 Aug. 73, 
1392-12185-5). The area of altered ground is the result of intense geothermal 
activity, which has altered the basaltic lava flows and hyaloclastites . Lake 
Myvatn can be seen at (2) and the tephra ring, Hverfjall, at (3). Compare with 
Figure 2. 
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Figure 4. Topographic map of the 1961 lava flows (1) in 
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Islands, 1:100,0 ... 

Copenhagen, Denmark. Landmalingar Islands in 

lava flows as shown on Figures 5 and 6. 


the Askja area, 

, Her5ubrei5, Landmslingar 
y by Geodatisk Institut, 
1965. Compare shape of 



Figure 5. Vertical lei aph (#5240B) taken by Landmal ingar Islam's 

(Icelandic Geodetic Survey) on 21 August 1970. Lava flows of 1961 have flowed over 
a pumiceous layer deposited in the explosive eruption of 1875. Compare with 
Figures 4 and 6. 





Figure 6. The 1961 lava flows (1) are sharply delineated on the mostly cloudy 

L . ' ge ( 3da l ahraun, C7 , 30 , 1372-12074-E ) . Note the detail in 

the outline of the flows, including the two prominent windows within the flows. 
Compare with Figures 4 and 5. 
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Figure 7. Isopach map of tephra layer from eruption of Hekla in May-July 1970, 
(From Thorarinsson. 1970. fie. 13). 
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Figure 9. Geologic nap of Hekla and environs showing the three areas of new 
flows in 1970 (cross-hatch- itterns) and areas of previous lava flows. (From 
Thorarinsson, 1971, fig. L4). 

2, 1947-1348 lava flows; 

Hekla and Hekla region; 6, fcjorsa . nd 7 , craters. 





Figure 10. Simplified topographic map of Heimaey, Vestmann Islands, Iceland, 

(A) showing the configuration of the island prior t the onset of volcanic activity 
on 23 Jai 1973. (Map is from figure in Fri'riksson and others, 1972, p. 53). 

The ERTS image on the left (B) (borisvatn, D6 , 21 Nov. 77, 1121-12143-7) shows the 
island prior to the eruption, with the western shoreline partially obscured by a 

long, linear cloud (1). (See also Figure 16 for an enlargement of this imag< . 

The center (C) and right-hand (D) , 3 Mar. 73, 1229- 

12151, bands 7 and 5, respectively) were acquired during an active phase of the 

eruption. Although partially obscured by clouds, the outline of the island can be 
seen, with the eruption plume (2) ascendint? to the east from the east side of the 
island. The erupt; . however, nearly obscures al) of the new 
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Figure 11. Satellite thermograph obtained by the VHRR (Ver; Resolution 

f the I itellite on 25 January 1973, less than 33 

the beginning of the volcanic eruption on Heimaey, Vestmann Islands, 
thermal infrared image was f urn i ;hed to t 
and Donald Wiesnet of NOAA *s Nat nmenta Lee. 

ttom t jraph (B) is a 10X enlargement of the top thermograph ( 




. m ingle (7*) ERTS-1 image (VatnajSkull , D7, 31 Jan. 73, 1192- 

) of the snow-covered VatnajOkull area, Iceland, which shows a number of 


volcani 
include 
of Kver 
Althoug 
caldera 


and glaciologic features within the 
(1) elliptical shape of a hitherto 


partially 


Vatnajdkull icecap. Features shown 
unknown subglacial caldera southwest 


subglacial caldera at Kverkfjdll. 


fjSll; (2) elliptical shape of 

dark, two subglacial craters can be seen on the western edge of this 
with a partially subglacial geothermal area extending southwest into the 
i-ecap through the westernmost crater; (3) and (4) elliptically shaped central 

5ar6arbunga snd east of Hamarinn, respectively; (5) faint elliptical 
feature and issociated nunataks at EsjufjSll which may represent a partially ice 
. 1 irge central volcano; (6) the large depression of Grfmsvotn, a well-kn 
subglacial caldera, and source of many catastrophic jdkulhlaups (glacial floods) to 
Lng one in "arch 1972; (7) the frozen lake, Grenalon, another 
Ihlaups, including one which occurred in August 1973; and (8; the 
lv snow overed snout of SkeiVararjdkull . Around the periphery of the 

:aldera are a number of punctate features resulting from collapse after 
h 1972 jdkulhlaup. Several more collapse features, resulting from the 
August 1972 iokulhlaup can be seen in a line between Hamarinn (4) and the GrimsvStn 
caldera. Southwest of Vatnajdkull are superb examples of NE-trending grabens, 
crater rows, and hyaloclastite ridges. Two prominent volcano-tectonic lineaments 
can be seen on this image. One extends N.45 E. for 80 km between Kverkfjdll (1 and 
2), the eastern edge of Gr'msvdtn (6), to the southwestern edge of Vatna jdkuli . 

The second lineament extends N.35*W., just north of Grrnalon (7). Concentric reces- 
sional moraines in fronc of on< lofsj8kull*s outlet glaciers can be seen at (9). 

Medial moraines are visible at (10) 
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Table 1. The main types of basaltic Icelandic volcanoes 
(from Thorarinsson, 1360, p. 35). 
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Figure 13. Topographic map of Surtsey, Vestmann Islands, Iceland/ pj h ittur Islands, 
Bla.*' 49, Vestmannaey jar , Landmslingar Islands, 1:100,000 scale, 1966 ). Outline of 
Surtsey drafted from aerial photography acquired by Landm.pl ingar Islands on 24 
August 1965 (Photo No. 375). 



Figure 14. Positive enlargement (40X) of 3 4 . generation, NDPF, 7 0 mm negative 
(original scale of 1:3,369,000) of FRTS image of Surtsey, Vestmann Islands, Iceland 
(Surtsey, E-5, 19 Aug. 73, 1392-12194-6). Original enlargement scale Was 1:84,225. 
Note prominent ness at (1) and the highlv reflective area at (2), where the tephra 
pile is undergoing palogonitization. Although the image is somewhat grainy, the 
coastline of the island can be delineated. 
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Figure 16. Positive enlargement (40X) of 3d generation, NDPF, 70 mm negative 
(original scale of 1:3,36*9,000) of ERTS image of Heimaey, Vestmann Islands, Iceland 
(borisvatn, D6, 21 Nov, 72, 1121-12143-6). il enlargement scale was 

1:84,225. Island partially obscured by long, lenticular cloud (1) on its 
western side. 



Figure 17 . Positive enlargement (40X) >f 3d generation, NDPF, 70 mm negative 
(original scale of 1:3,369, 30) of ERTS image of Heimaey, Vestmann Islands, Iceland 
(Hekla, D5, 19 Aug. 73, 1392-12191-6). Original enlargement scale was 1:84,225. 
Note the new land area (1) resulting from lava flows to the east and northeast, 
near closure of the harbor entrance by new flows at (2), and change in reflectivity 
of the island at near- infrared wavelengths (0.7-0.8ym), the result of burial of 
vegetation by tephra, and thf plus-shaped, gravel and crushed tephra landing strip 
at (3). Areas of sublimate deposition and clouds of steam, which are still rising 
through fractures in the lava flows, even though the surface eruption had ceased 
7 weeks earlier, can be seen at (4). 









Figure 18. NOAA-2 image mosai , (' . May 73, NOAA-2 VHRR, VI 

#12, Rev. 2741) of Iceland and surroundings. VatnajSku ' , t ), 

LangjSkull (3), and Myrdals jOkull (4) can be lelineated. in 

.and areas. Grfmsvtttn :an itnajttkull. Drift ice 

(5) can be seen in the Denmark Strait between Iceland and Greenland (6). The island 
of Jan Mayen can be seen at the top f th (7). f E. Pau 

McClain and Donald P. Wiesnet, )AA, 

Suitland, Maryland. 
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Figure TO. Icelandic Glaciers and International Hvdrological Decade Glaciological 
Observation Stations. (From Rist, 1967b, p. 324). 


Vatna jSkull 
Lang jSkull 
HofsjSkull 
Myrdals jSkull 
Dr ing sj "kull 
Eyjafj alia jSkull 
Tungna fe 11 sj Skull 
boris jSkull 


(8400 km 2 ) 
(1020 km 2 ) 
(996 km2) 
(700 km? ) 
(200 km 2 ) 
(107 km?) 
(50 km?) 


Sna-fells jSkull 

' 

Cl 

Tindf j alia j Skull 
Tungnahryggsj Skull 
Torf ajSkull 
jul 

Bi'gisar j Skull 


Table 2. Selected Icelandic Glaciers 
(Areas from Ear'arson, 1371) 



R su* »V - 


Icecap (Vatnajdkull, D7, 

30 July 73, 1372-12080-4). The high sun angle (42*) and high reflectivity of the 
snow-covered glacier limit the amount of surface detail as compared with ti.e low 
sun angle, wintertime image (Figure 12). Older snowpack can be seen at (1), where 

e distinguished in the northwest am 

borisvitn (0) :nd all along the coast. A number of glacier-margin lakes are 

nalon (3), prior to the August 

1973 jOkulhlaup across Skei&ararsandur , the large glacial outwash plain to the 
south. A number :ross this outwash plain. Undistorted 

(4) can he seen on Breii n jdkull; contorted mora in- 

on Skei'arar ' okuli . The retreat of the snowline can be seen on most of the 
glaciers, including Myrdals jdkull (6) and Eyjaf jallajOkull (7). 








22. -1 , cloud ill , 

• . . pi . ' . . 

(25*), . • t i : 1 begins to again appear on VatnajOkull, although 

not as pronounced as on the wintertime image (Figure 12). Note the reduction in 
sediment plumes ilonr the coast and the decreased discharge of glacial rivers 
across SkeiAararsandur . ■■•ire western arm of lake horisvatn has suspended 

. ■ ■ ■ Vatna jdku 

when compared with Figure 21. Note the reduction ir. area of Gr*nal6n (2) after the 

. 





- 





1 . 73, 1392-12185-7; Hekla, 

19 Aug. 73, 1 3 92 - 1 2 1 1 -7 ) •- entral and southwestern Iceland. The snowline 

, My . 

Eyjaf jalla jttkull (4) icecaps. Note area of no vegetation (5), from where one of 
the outlet glaciers of Hof sjttkull has receded. A prominent nunatak can be seen in 
the center of LangjBkull (6) with a caldera- or cirque-like feature to the west 
icecap. The snow-capped, no, . 

west, south of Skjaldbrei ' • 

The highly reflective vegetation can be delineated most accurately on false-color 
composites, including the new vegetation pattern on Heimaey (9). Surtsey (9) is 
also visible, southwest of Heimaev. The tephra fallout pattern (10) and new lava 

0 ? 

8). Lichen-covered basalts are visible at (12). 










Figure 25. Positi ment (20X) of 3d generation, NDPF, 70 mm negative 

rinal scale of 1:3,369,000 . ikkajdkull, Iceland 

• . . . ; partial, uncatalog ) ] . 

Original enlargem* . , an outlet glacier on the 

northeast part of VatnajOkull , was in the process of surging when it was imaged. 

• 

jSkull is visible to the left (3). Fossible crevasse patterns resulting from the 
surge are visible at (4). 


Figure 26. Positive enlargement (20X) of 3d generation, NDPF, 7 

(original scale of 1:3,367,: TS image of Eyjabakkaj Skull, Iceland (Vatna 

jSkull, 2)7, 22 Sep 73, 1426-12070-5). Original enlargement was 1:168,450. 

Ey j abakka j Sku 1 1 (1) had a] pleted its surge. Between 14 Oct. 72 and 

22 Sept. 73, EyjabakkajBJ ... ly 1.8 km. Note the increase 

in surface area of the glacier-margin lake (.). 
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Figure 29. Nimbus III image of sea ice (1) in the Denmark Strait between Iceland 
(2) and Greenland (3). (Iceland, 15 Apr. 69, Nimbus III, IDCS, Orbit 16). Compare 
w iFh Figure 18, a NOAA-2 image of sea ice in the Denmark Strait. Image courtesy of 
NASA, Goddard Space Flight Center, Greenbelt, Md. From figure in Anon., 1971, 
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TABLE 3. SUMMARY OF STUDIES IN ICELAND WITH EP.TS-1 IMAGERY 


Discipline 

Experiments 

Research Objectives 

Research Results 

GEOLOGY 

Geothermal 

Delineation of geothermal areas 
by extent of snow-melt pattern 

Delineation of part of geothermal aiea Ly 
.* pattern. Delineation ol 
thermally altered ground in 3 geother:: .ai 
areas . 

GEOLOGY 

Volcanic Eruptive 

Delineation of areas of new basalt 
flows and tephra falls 

Delineation of new basalt flows ir. 3 
areas and tephra fallout pattern in * 
area. Image of effu iption 

GEOLOGY 

Geologic Structure 

Mapping, on a regional basis, of 
faults, fissures, lineaments, and 
other structural fea r ures in the 
neovolcar.ic zone 

Mapping of many new structural geologic 
ar.d volcanic features, particularly within 
Icecaps, 

low sun angle ( < 1 0 " ) . 

GEOLOGY 

Volcanic ^eomorphology 

Mapping of the regional aspect of 
volcanic landforms 

Regional distribution of different vol- 
canic landforms mappable, particularly 
unique landforms. 

GEOLOGY 

Marine Geology and 

Mapping of ^ny changes in the coast- 
line of Iceland and any submarine 
features visible 

■ Plar.imetric revisions cf maps 
- . . • (ei 

Heimaey (volcanic eruption) fessib-u . 
Mapping of seasonal change cf sedim.ti.i 
plumes fret glacial rivers. 

HYDROLOGY 

Ephemeral Snow and Ice 

Mapping of changes in snow cover 
over time; mapping of surface 
water distribution, and mapping of 
ice freeze-ups and thaws on major 
lakes 

Mapping of surface water distribution can 
me i 

seasonal imagery) cf changes in snow 
cover and thaw 

HYDROLOGY 

Glaciclogical Features 

Delineation of areas covered by 
; map] 

ice-margin lakes; mapping of nuna- 
i and map] 
glacial features 

Delineation of 90% of the area covered by 
jps; mapping of changes in glaci- 

me nunata 

some depositional glacial features. Map - 

. me n 1 

and flow of another glacier (60-'m/li m.os.). 

HYDROLOGY 

River Flooding 

Mapping of spring runoff, floods 
along river valleys, and changes 
in distributaries from glaciers 

Mapping of changes in distributaries from, 
glaciers. Mapping of changes in lake and 
outwash plain caused by a jPkulhlaup. 

■is.' 


o 

© 




vT 
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Zxs -.-r ::: 

OCEANOGRAPHY Sea Ice 

AGRICULTURE/ Grasslands and Forest 
FORESTRY 

CARTOGRAPHY 


TABLE 3 - CONTINUED 
- eai • . 

Yapping of changes in ice floe 
concentrations wit:, time off 
northern and eastern coasts 

Lelineat ion of grasslands and 
particularly change *n vigor wit:, 
time 


Resear.:. Re - • 

. . . . in ery. 


Yapping of c classes of vegetation: 
n , cult : a *.a , r* - 

land, : crested areas, lichen-covered lav 
flows, and carter: areas on false- .io: 
composites . 

ompi lat ion of ar. orti.cijr.age m.Oi sic or 
m it 1:1, , (fa ■ - loi 

composite) and plannee an 

1 : 2 SO , 000-scale orthoimage mo . i 
Study of land forms with stereoscopic 
images. '■ iremenl Levat 

.'•••: • . 
ex I st : ng rapt. 
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FIGURE 1. Geologic Map of Iceland modified from 
Palmason and Semundsson, 1974, fig. 2. 
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Figure 4. Topographic map of the 1961 lava flows (1) in the Askja area, 

, "ppdi attur Islands, Bla v 84, Hi . 
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Figure 9. Geologic map of Hekla and environs showing the three areas of new lava 
flows in 1970 (cross-hatched patterns) and areas of previous lava flows. (From 
Thorarinsson , 1970 , fig. 14). Geologic map explanation: 1 , 1970 lava flows; 

2, 1947-1948 lava flows; 3, 4, and 5, different historic and prehistoric lava flo 
Hekla and Hekla region; 6, hjorsa lava flows; and 7, craters. 
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The main types of basaltic Icelandic volcanoes 
(from Thorarinsson , 1960, p. 35). 
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Figure 20. Icelandic Glaciers and International hydrological Decade Glaciological 
Observation Stations. (From Rist, 1967b, p. 324). 
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SUMMARY OF STUDIES IN ICELAND WITH EF.TS-1 IMAGERY 


1 : s rip line 

Exper iments 

Research Directives 

Research Results 

r rOLO-Y 

r eothermal 

Delineation of geothermal areas 
by extent of snow-melt pattern 

Delineation of part of geothermal area by 
snowmelt pattern. Delineation of geo- 
thermally altered ground in 3 geotherm.al 
areas . 

GEOLCGY 

Volcanic Eruptive 

Delineation of areas of new basalt 
flows and tephra falls 

Delineation of new basalt flows in 3 
areas and tephra fallout pattern in 1 
area. Image of effusive volcanic eruption 

GEOLOGY 

Geologic Structure 

Mapping, on a regional basis, of 
faults, fissures, lineaments, and 
other structural features in the 
neovolcanic zone 

Mapping of many new structural geologic 
and volcanic features, particularly within 
icecaps, and on snow-covered terrain at 
low sun angle ( < 1 0 * ) . 

geology 

Volcanic G e0 morphology 

Mapping of the regional aspect of 
volcanic landforms 

Regional distribution of different vol- 
canic landforms mappable, particularly 
unique landforms. 

GEOLOGY 

Marine Geology and 

Mapping of any changes in the coast- 
line of Iceland and any submarine 
features visible 

Planimetric revisions of n.aps (to 
1:100,000 scale) of Surtsey (erosion) and 
Heimaey (volcanic eruption) feasible. 
Mapping of seasonal change of sediment 
plumes from glacial rivers. 

HYDROLOGY 

Ephemeral Snow and Ice 

Mapping of changes in snow cover 
over time; mapping of surface 
water distribution, and mapping of 
ice freeze-ups and thaws on major 
lakes 

Mapping of surface water distribution can 
be achieved. Some mapping (lack of 
seasonal imagery) of changes in snow 
cover and thaw of lake ice. 

HYDROLOGY 

Glaciological Features 

Delineation of areas cover' d by 
glaciers; mapping of changes in 
ice-margin lakes; mapping of nuna- 
taks; and mapping of depositional 
glacial features 

Delineation of 90% of the area covered by 
icecaps; mapping of changes in glacier- 
margin lakes; mapping of some nur.ataks and 
some depositional glacial features. Map- 
ping of surging glacier (1.8km movement 
and flow of another glacier (600m/ll mos.) 

HYDROLOGY 

River Flooding 

Mapping of spring runoff, floods 
along river valleys, and changes 
in distributaries from glaciers 

Mapping of changes in distributaries from 
glaciers. Mapping of changes in lake and 
cutwash plain caused by a jOkulhlaup. 






OCEANOGRAPHY Sea Ice 




TAELE 3 - CONTINUED 


Research Objectives 


Mapping of changes in ice floe 
concentrations with time off 
northern and eastern coasts 


Research Results 
No usable imagery. 


AGRICULTURE/ Grasslands and 
FORESTRY 

I 

CARTOGRAPHY 



Eorest Delineation of grasslands and 

particularly change in vigor with 
time 


Mapping of 5 classes of vegetation: 
grasslands, cultivated areas, reclaimed 
land, forested areas, lichen-cover« : lava 
flows, and barren areas on false-color 
composites . 

Compilation of an orthoimage mosaic of 
Ice 1 and at 1:1,000,000 (false -color 
composite) and planned 1:500,000- and 
1 : 250 , 0 00-scale orthoimage mosaic maj 
Study of landforms with stereoscopic 
images. Measurement of 100m elevation 
difference. Planimeti revisioi 
existing m.aps. 
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Appendix 1 : Satellite Geological and Geophysical 

Remote Sensing of Iceland (SR 9651) 


Scientific Disciplines and Subdisciplines 
Addressed During the Project “ 

1. Range Resources 

1C. Range Survey 
1G. Stress Detection 

2. Land Use Survey and Mapping 

2B. Orthographic Mapping 
2D. Polar Regions Mapping 

3. Mineral Resources, Geological Structure and Landform Survey 

3C. Volcano Surveys 
TF.~ Geothermal Surveys 
3H. Water Erosion 

31 . G e omorphic ^nd Landform 

3 J . Lithologic Surveys 
3K. Structural Surveys 
3L. Disaster Assessment 

4 . Water Resources 
4D. Limnology 

4F . Flood Assessment and Prediction 
4G. Snow Surveys 
411. Glacier Surveys 

5. Marine Resources and Ocean Surveys 

** 5A. Locating Biologically Rich Areas 
** 5B. Surveys of Current and Ocean Dynamics 
5E . Sea Ice Monitoring 
5H . Coastal Zone Processes 

8 . Interpretation Techniques Development 

8E . Image Enhancement Techniques 

10 . Multidisciplinary Resources Surveys 

10A, Foreign Country (Iceland) 

“‘Significant research results within a particular scientific 
subdiscipline are emphasized by underscoring, 

* ‘'Post-contract; research on dynamic marine phenomena off the southwest coast 
of Iceland on an MSS band 4 image (mososcale eddies and concentrations of 
phytoplankto n). 



Appendix 2 : 


Satellite Geological and Geophysical 
Remote Sensing of Iceland (SR 9651) 


List of ERTS-1 Reports to NASA 
(15 January 1973 - 1 December 1974) 


Williams, R.S., Jr., 1973, Geological and geophysical remote 
Sensing of Iceland: Type I Prog. Rpt . , 15 Jan. 1973 - 

30 Apr. 1973, 1 May 1973, 8 p. 

Williams, R.S., Jr., 1973, Satellite geological and geophysical 
remote sensing of Iceland: Data Analysis Plan, 1 Jun. 1973, 

12p . 

Williams, R.S., Jr., 1973, Satellite geological and geophysical 
remote sensing of Iceland: Type I Prog. Rpt., 1 May 1973 - 

30 June 1973, 1 Jul. 1973, 8p. 


Williams, R.S., Jr., 1973, Satellite geological and geophysical 
remote sensing of Iceland: Special Rpt. No. 1, "Namafjall 

Geothermal Area, Iceland: Preliminary Analysis of ERTS-1 

Image #1229-12142,” 1 Aug. 1973, 5p. 

Williams, R.S., Jr., 1973, Satellite geological and geophysical 
remote sensing of Iceland: Type II Prog. Rpt., 15 Jan. 1973 

31 Aug. 1973, 1 Sept. 1973, 29p. 


Williams, R.S., Jr., 1973, Satellite 
remote sensing of Iceland: Type 

31 Oct. 1973, 1 Nov. 1973, 8p. 


geological and geophysical 
I Prog. Rpt., 1 Sept. 1973 


Williams, R.S., Jr., 1973, Satellite geological and geophysical 
remote sensing of Iceland: Special Rpt. No. 2, Reprint, 

"Iceland: Preliminary Results of Geologic, Hydrologic, 

Oceanographic , and Agricultural Studies with ERTS-1 Imagery , 
1 Dec. 197 3 , 2 Op. 


Williams, R.S., Jr., 1973, Satellite geological and geophysical 
remote sensing of Iceland: Special Rpt. No. 3, Reprint, 

"Vatnaj okull Area, Iceland: New Volcanic and Structural 

Features on ERTS-1 Imagery," 15 Dec. 1973, 3p. 

Williams, R.S., Jr., .1974 , .Satellite geological and geophysical 
remote sensing of Iceland: Type I Prog. Rpt., 1 Nov. 1973 - 

31 Dec. 1973, 1 Jan. 1974, lOp. 

Williams, R.S., Jr., 1974, Satellite geological and geophysical 
remote sensing of Iceland: Type II Prog. Rpt., 1 Sept.. 1973 

28 Feb. 1974, 1 Mar. 1974, 49p. 



Williams, R.S., Jr., 1974, Satellite geological and geophysical 
remote' sensing of Iceland: Special Rpt. No. 4, Reprint, 

"Environmental Studies of Iceland with ERTS-1 Imagery," 

1 Apr . 1974 , 5p . 

Williams, R.S., Jr., 1974, Satellite geological and geophysical 
remote sensing of Iceland: Type I Prog. Rpt., 1 Mar. 1974 - 

30 Apr. 1974, 1 May 1974, 8p. 

Williams, R.S., Jr., 1974, Satellite geological and geophysical 
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